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[' IS the purpose of this article to present and discuss observations 
on the incidence, in standard Lead I, of QRS complexes which dis- 
play an initial downward deflection, or Q wave. 

At the beginning of this study, we examined the tracings taken in 
169 cases of bundle branch block. In all of these, the QRS interval 
measured 0.12 second, or more, and pronouneed slurring or notching 
of the broadest QRS component was present. In 92 cases, there was 
no S wave in Lead I; these were classified as left branch block. The 
remaining 77 cases, in which there was a conspicuous S deflection in 
Lead I, were considered characteristic of right branch block. In 84, 
or 91.3 per cent, of the cases of left branch block, the first and only 
QRS component in Lead I was a broad R wave; in the remaining 8 
cases (8.7 per cent), a small initial downstroke preceded this deflection 
(Table I). In the same group of eases, there were 33, or 35.9 per cent, 
in which the QRS complex of Lead III began with a downstroke, and 
these included one of the 8 which displayed a Q wave in Lead I. 
A Q, deflection was present in 34, or 44.2 per cent, and absent in 43, 
or 55.9 per cent, of the cases of right branch block. The QRS complex 
of Lead III began with a downstroke in 36.4 per cent of the cases of 
this group. 

These observations on the incidence of Q, in bundle branch block 
were confirmed by examination of the tracings obtained in a group of 
cases of bundle branch block in which the conduction defect was pres- 
ent on one examination, but absent on an earlier or later occasion. 
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TABLE I 


THE FREQUENCY oF Q, AND Q; IN THE ELECTROCARDIOGRAMS OF 169 PATIENTS WITH 
BUNDLE BRANCH BLOCK 


LEFT RIGHT 
BUNDLE BRANCH BLOCK BUNDLE BRANCH BLOCK 
NUMBER OF _ | NUMBER OF |- 
PERCENTAGE PERCENTAGE 
Q, present 8 8.7 34 44.2 
Q, absent 84 91.3 43 55.9 
Q, present 33 35.9 28 36.4 
Q, absent 58 64.1 49 63.6 
Q, and Q, present 1 1.1 11 14.3 
Q, and Q, absent §2 56.5 26 33.8 
Total 92 (i 


TABLE IL 
THE Errect OF DEVELOPMENT OF BUNDLE BRANCH BLOCK ON THE Q WAVE IN Leap I 
IN 102 PATIENTS SHOWING, AT ONE TIME, BUNDLE BRANCH BLOCK, 
AND, AT ANOTHER, NORMAL CONDUCTION 


LEFT BUNDLE BRANCH BLOCK | RIGHT BUNDLE BRANCH BLOCK 
NUMBER NUMBER 
OF PA- PERCENTAGE OF PA- PERCENTAGE 
TIENTS TIENTS 
Q, present. 20 25.3 8 34.8 
Normal conduction 
Q, absent. 59 74.7 15 65.2 
Normal conduction 
Q, present. aa 5.1 8 34.8 
Bundle branch block 
Q, absent. 75 94.9 15 65.2 
Bundle branch block 
Q, absent, with and 57 72.1 14 60.9 
without block 
Q, disappeared, with 18 22.8 (of total) 1 4.3 (of total) 
block 90.0 (of those 12.5 (of those 
with Q,) with Q,) 
Q, appeared, with 2 2.5 (of total) 1 4.3 (of total) 
block 3.4 (of those . 6.6 (of those 
without Q,) without Q,) 
Q, with and without 2 2.5 (of total) 7 30.4 (of total) 
block 10.0 (of those 87.5 (of those 
with Q,) with Q,) 
Total 79 23 


In our own files, we found 9 cases of this kind in which the block was 
on the left side, and 10 cases in which it was on the right side. By 
searching the literature, we collected 70 additional cases of the first 
sort and 13 of the second.'*’ We did not include in this series any 
eases of the Wolff-Parkinson-White syndrome, nor any cases in which 
the QRS interval measured less than 0.12 second when the block was 
present, or more than 0.10 when it was absent. The incidence of Q, 
and other data relating to the 79 cases of left and 23 cases of right 
branch block assembled in this way are given in Table II. In 20 of 
the 79 cases of the first group, the QRS complex of Lead I began with 
a downstroke when intraventricular conduction was normal, and in all 
but two of these it began with an upstroke when left branch block was 
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INCIDENCE OF Q, IN PATIENTS WITH LEFT BUNDLE BRANCH BLocK, RIGHT BUNDLE 
BrancH Buiock, Lerr Axis DEVIATION, AND RIGHT AXIS DEVIATION 


LEFT BUNDLE RIGHT BUNDLE LEFT AXIS RIGHT AXIS 
BRANCH BLOCK BRANCH BLOCK DEVIATION DEVIATION 
NUMBER PER- NUMBER] PER- NUMBER PER- NUMBER PER- 
OF PA- CENT- OF PA- CENT- OF PA- CENT- OF PA- CENT- 
TIENTS AGE TIENTS AGE TIENTS AGE TIENTS AGE 
Q, present 13 7.3 41 41 175 58.3 6 6 
Q, absent 164 92.7 59 59 125 41.7 94 94 
Total 177 100 300 100 | 


TABLE 1V 


Q, RELATIONSHIPS IN PATIENTS WitH Lerr BUNDLE BRANCH Biock AND Lerr AXIS 


DEVIATION (CONSECUTIVE CASES) 
TYPE OF ELECTROCARDIOGRAM Q, PRESENT Q, ABSENT TOTAL 
Left axis deviation 
Index 24 or less 51 49 100 
Index 25 or more 62 38 100 
Normal T waves 69 31 100 
Inverted T, or T, and T, 55 45 100 
Questionable left bundle branch 46 (42.6%) 62 (57.4%) 108 
block (QRS = 0.10 to 0.12) 
Left bundle braneh block 8 ( 8.7%) 84 (91.3%) 92 


present. In the other 59 cases, the QRS complex of Lead I began with 
an upstroke when intraventricular conduction was normal; in 2 of 
these it displayed a Q wave when the left limb of the His bundle was 
blocked. As in the cases of left bundle branch block previously 
analyzed, the incidence of a Q, deflection was very low; it occurred in 
the presence of block in only 4 cases, or 5.1 per cent of the group. 
There was a Q, deflection with normal intraventricular conduction in 
8 of the 23 cases of the second group, which is rather small for sta- 
tistical purposes; in 7 of these, this deflection was likewise present 
when the right bundle branch failed to conduct. In the remaining 15 
cases, Q, was absent with normal intraventricular conduction; in one 
of these, this deflection appeared when the right branch of the bundle 
was blocked. 

The foregoing observations led us to compare the incidence of Q, in 
simple axis deviation with its incidence in bundle branch block. The 
ventricular complexes which depict simple left axis deviation and 
those which represent left branch block are often very similar in gen- 
eral contour, but our observations indicate that the electrocardio- 
graphic changes in these two conditions are fundamentally different in 
origin (Table Ill). With regard to the incidence of Q,, left branch 
block is very different from simple left axis deviation (Table IIT). 
The relatively great frequency of a conspicuous Q, in simple left axis 
deviation, as compared to left branch block, is not materially affected 
by the criteria employed in the selection of examples of the former 
(Table IV). A Q, deflection was present in 51 of 100 cases of simple 
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TABLE V 


Q-WAVE RELATIONS!UPS IN PATIENTS WITH RIGHT BUNDLE BRANCH BLOCK AND 
DEVIATION 


PRESEN 4 PRESEN NO 
Q, PRESEN Q, PRESENT @, PRESENT Q 
TYPE OF ELECTRO- 
oER- PER- | TOTAL 
CARDIOGRAM NUM- NUM- NUM- NUM- 
4a > 4a 3 > 4a 
AGE AGE AGE AGE 
Right axis 6 6.0 81 81.0 2 2.0 15 15.0 100 
deviation 
Right bundle 34 44.2 28 36.4 11 14.3 26 33.8 77 
branch block 


left axis deviation in which the axis deviation index (R, + S,) — (R, 4 
S,), was 24 or less, and in 62 of 100 cases of left axis deviation in 
which this index exceeded 24. This deflection was present in 69 of a 
series of 100 consecutive cases of simple left axis deviation with normal 
T waves, and in 55 of 100 consecutive cases of the same kind in which 
the T waves were inverted in Lead I or in Leads I and Il. It is of 
particular interest that Q, was present in 42.6 per cent of a series of 
108 cases, all that could be found in a file of 8,000 electrocardiograms, 
in which definite left axis deviation was associated with a QRS interval 
of 0.10 to 0.12 second. With respect to the incidence of this deflection, 
electrocardiograms of this kind resemble those which depict simple left 
axis deviation, and are quite unlike those which represent left bundle 
branch block. 

In simple right axis deviation, the frequency of Q, is very small, 
about the same as in left branch block, whereas, in right branch block, 
the frequency of this deflection is not very different from its frequeney 
in left axis deviation (Tables I and V). The incidence of Q, is very 
high in right axis deviation and relatively low in right bundle branch 
bloek. 

DISCUSSION 

The incidence of Q, in bundle branch block has received little atten- 
tion in the literature. Many years ago, Willius®® recorded the size of 
the different QRS components in 99 examples of left branch block. 
His tables show that Q, was present in only two of his cases, but he 
did not comment upon this infrequency. In 1916, Lewis®*’ was under 
the impression that Q, was usually present in bundle branch block 
of the common type; in 1924 he spoke of it as appearing to a variable 
extent... In 1931, Wilson, Macleod, and Barker®® stated that, in left 
branch block, Q is almost always present in Lead I and absent in Lead 
III. This statement was evidently based upon an impression, rather 
than upon the examination of an adequate series of cases. 

With regard to the frequency of a Q, deflection, the curves that 
represent canine branch block are quite different from those that rep- 
resent human branch block. In 6 of Lewis’ experiments on dogs, Q, 
became larger; in two, it disappeared; and, in one, it persisted un- 


i 


SODEMAN ET AL: Q,; DEFLECTION OF ELECTROCARDIOGRAM 275 


changed when the left bundle branch was cut. In the remainder, it 
was absent both before and after section of this tract. A Q, deflection 
was present in four and absent in two of six examples of canine left 
branch block studied by Wilson and Herrmann.®° 

The rarity of Q, in human left branch block and the pronounced 
tendency for this deflection to disappear when left branch block de- 
velops clearly indicate that, in the vast majority of human electro- 
cardiograms, it represents electrical forces originating in left ventricu- 
lar muscle, or at least in muscle which receives the excitatory impulse 
by way of the left Purkinje plexus. The relatively high frequency of 
Q, in right braneh block, and the tendency for this deflection to per- 
sist when normal conduction gives place to this disturbance, point in 
the same direction. Lewis, believing that the incidence of Q, was high 
in bundle branch block of the common type and, at the samé time, 
that this kind of block was due to a conduetion defect in the right 
bundle branch, arrived at the correct conelusion—that this deflection 
was contributed to the human bicardiogram by the levocardiogram. 
This is an instance in which the conelusion was valid even though the 
premises were erroneous. 

Although it is clear that Q, usually represents electrical forces pro- 
duced by the activation of left ventricular muscle, direct evidence as 
to the exact manner of its origin is not available. In experiments on 
dogs, endocardial readings have been employed in an attempt to locate 
the regions of ventricular muscle which are first to pass into the active 
state, but the data obtained in this way are of comparatively little 
value for the purpose of ascertaining the origin of the earliest QRS 
component of the human electrocardiogram. In the first place, the 
incidence of Q, is by no means the same in canine as in human curves, 
and, in the second, endocardial readings are not entirely trustworthy, 
as Wilson, Macleod, and Barker have pointed out. Even if the ven- 
tricular point which is activated earliest were known, we could not 
feel certain that Q, is written by events o¢curring in its neighborhood, 
for the electrical forces developed in this region may be overbalanced 
by the more rapid development of opposing forces somewhere else be- 
fore they become large enough to produce a potential difference be- 
tween the distant electrodes on the two arms. 

The activation of left ventricular muscle may give rise to a Q, de- 
flection by producing initial positivity of the right arm, initial nega- 
tivity of the left arm, or both. In normal subjects, initial negativity 
of the anterolateral surface of the left ventricle often produces a Q 
deflection in leads from the left side of the precordium, and is fre- 
quently transmitted to the left arm as well. This negativity is trans- 
mitted to the epicardial surface from the ventricular cavity when 
the subendoeardial muscle of the anterolateral wall enters the active 
state later, or produces electrical forces of less magnitude than the 
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subendoeardial muscle on the opposite side of the left ventricle. It 
may, therefore, be ascribed to unbalanced forces produced by the 
spread of the excitatory impulse into the septum from the left Purkinje 
plexus. These same forces and, also, those generated by activation of 
the free wall of the right ventricle from within outward produce initial 
positivity of the epicardial surface on the right side of the heart, which 
gives rise to small R waves in leads from the right side of the pre- 
cordium and is sometimes transmitted to the right arm. The absence 
of Q, in the vast majority of the cases of human left branch block 
appears, therefore, to be due to the absence of electrical forces normally 
produced by the activation of septal muscle from left to right. 

What is the significance of Q, in the small percentage of cases of 
human left branch block in which it occurs? In left braneh block, no 
left ventricular muscle is undergoing activation at the beginning of 
the QRS interval, and, if a Q deflection is present, it must be ascribed 
to forces of right ventricular origin. Under certain cireumstanees the 
initial positivity of the surface of the right ventricle due to the out- 
ward spread of the impulse through its free wall, which usually gives 
rise to small R waves in leads from the right side of the precordium 
in left branch block, may be transmitted to the right arm and thus 
give rise to a Q, deflection. It is apparent that this often happens in 
the dog and seldom happens in man. In the former, the long axis of 
the heart is much more nearly in line with the long axis of the body, 
and this may account for the difference in the frequency of Q, between 
canine and human left branch block. Rotation and elevation of the 
heart after section of the left bundle branch have caused a Q, deflee- 
tion to appear in experiments on the dog, but not in experiments on 
the monkey, an animal in which the heart, with regard to its position, 
is more like that of man.*' No peculiarities in the position of the heart 
were noted in the thirteen cases of left branch block in our series in 
which a Q, deflection was present. Both in the dog and in man, the 
presence of a Q, deflection, when the left braneh of the His bundle is 
blocked, may, of course, depend upon some factor other than the posi- 
tion of the heart. A possibility that must be considered is that it is 
due to some peculiarity of the Purkinje system or the architecture of 
the subdivisions of the bundle branches, and consequently of the order 
of ventricular activation. In two instanees, it was noted that a Q, 
deflection was present both before and after the development of left 
braneh block, and had the same contour in both tracings. There ex- 
ists, then, the possibility that in some instances the distribution of the 
conducting tracts is such as to lead to more rapid or earlier activation 
of those parts of the right ventricular muscle which produce forces of 
the kind that give rise to a Q, deflection, and that under these cireum- 
stances this deflection oceurs and displays the same form in both bi- 
cardiogram and dextroecardiogram. This would account for the rare 
cases in which Q, disappears when right branch block develops. 
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In order to ascertain whether the presence of a Q, deflection in left 
bundle branch block has any diagnostie significance, we reviewed the 
histories ofgthe thirteen patients in our own series and twenty-four 
eases found in the literature which presented this combination. An 
autopsy was performed in only two of our own eases. One of these 
was that of a man, aged 51 years, and in this instance the right coro- 
nary artery was occluded and the posterior ventricular wall was in- 
fareted ; the ventricular septum was not involved. In the second ease, 
that of a man aged 56 years, there were pronounced cardiac hyper- 
trophy, moderate coronary sclerosis, and slight fibrosis and patchy 
fatty degenerative infiltration of the myocardium. No macroscopic, 
circumscribed, septal lesions were found. In the remaining eleven 
eases, the following clinical diagnoses were made: arteriosclerotic 
heart disease with questionable coronary occlusion in two; coronary 
occlusion in five, in one of which left branch block antedated the symp- 
toms pointing to infarction; arteriosclerotic heart disease with conges- 
tive failure in two; and rheumatic heart disease with mitral stenosis 
and aortie insufficiency in two. 

The data relating to the conditions present in the twenty-four cases 
found in the literature are meager.* 2: 75: 36, 41, 54, 56, 57, 62-70 Tn 
instances, no details of any kind were given as to the nature of the 
cardiac lesions. One patient had arteriosclerotie heart disease, cardiac 
enlargement, aortic insufficiency, and congestive failure. This patient 
died, but was not autopsied. Another had pericarditis with effusion 
and recovered; a third was said to have myocardial degeneration; a 
fourth, auricular fibrillation with congestive failure; a fifth, mitral 
stenosis; a sixth, aortie insufficiency ; a seventh, diphtheria; an eighth, 
arteriosclerotie heart disease with failure. The ninth and tenth were 
reported as cases of coronary thrombosis in which the clinical diagnosis 
was confirmed by electrocardicgraphic examination; both of these pa- 
tients recovered. 

The remaining six patients died and were subjected to autopsy. The 
ventricular septum was involved in all. In one instance, there was 
occlusion of the anterior descending coronary artery, with infarction 
involving the anterior and part of the posterior wall of the left ven- 
tricle, the septum, and the apex. The interventricular septum was 
almost completely infarcted and in a state of liquefaction necrosis.™ 
In another ease there was thrombosis of an artery supplying the septum, 
with myocardial infarction and serofibrinous pericarditis.“ In a third 
there was anterior infarction involving the septum.*? The fourth was 
one with multiple infarcts; the lower, anterior part of the interven- 
tricular septum was involved.” In the fifth, described in the same 
report” as the fourth, a diagnosis of hypertensive heart disease with 
congestive failure was made, and moderate sclerosis of the coronary 
arteries was found post mortem. Histologic studies disclosed small 
sears in the myocardium, ineluding a few in the septum, but the bulk 
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of the heart muscle appeared to be in good condition. In the sixth 
and last case,** the QRS interval measured only 0.107 second, but the 
precordial electrocardiogram indicated that activation of the left ven- 
tricle was delayed. At autopsy there was no cardiac hypertrophy ; 
a healed infarct was found. It involved the entire apex, the apical 
four-fifths of the anterior and lateral walls of the left ventricle, and 
apical four-fifths of the anterior two-thirds of the interventricular 
septum. 

From these few data, no very definite conclusions can be drawn. 
The heart was examined post mortem in only eight of the thirty-seven 
cases of left branch block with a Q, deflection which we were able to 
collect. It may be significant that, in six of these, myocardial infare- 
tion had occurred, and that, in five of the six and in one additional 
case, septal lesions were present. On the other hand, the ecardiae ab- 
normalities diagnosed clinically in many of the remaining twenty-nine 
cases in which there was no autopsy are not of a kind in which septal 
involvement would be expected. Even when bundle branch block is found 
after the occurrence of symptoms and physical signs characteristic of 
coronary thrombosis, one cannot feel certain that a large amount of 
the ordinary muscle of the ventricular septum has been infarcted. We 
know, however, that, in dogs, ligation of the septal artery, a large 
vessel not present in man, produces infarction of the basal part of the 
ventricular septum and often induces right bundle branch block or 
complete atrioventricular block.*' Whether it ever induces left 
branch block alone is not certain. Right branch block produced in this 
way is sometimes, although not always, represented by ventricular 
complexes quite different in form from those obtained after section of 
the right branch of the His bundle. 

On theoretical grounds, one might expect that, in left branch block, 
damage to the ventricular septum would lead to the appearance of a 
Q deflection in Lead I. In uncomplicated left branch block, the cavity 
of the right ventricle is negative throughout the QRS interval, but the 
cavity of the left is initially positive because of the direction of the 
electrical forces produced by activation of the septal muscle from right 
to left. This initial positivity is transmitted through the still inactive 
free wall of the left ventricle to the outer surface of this chamber and 
to the adjacent parts of the body, including the left side of the pre- 
cordium, the left axilla, and, when the heart is in a relatively hori- 
zontal position, as in most patients with left branch block, to the left 
arm. Under these circumstances, the QRS complex of leads from the 
left side of the preeordium display no Q deflection, and those of Lead 
I are of the same form. When the septum is extensively damaged, the 
electrical forces produced by its activation are reduced or abolished, 
and the initial negativity of the right ventricular cavity is transmitted 
to the left, and, consequently, to those regions on the left side of the 
body that are initially positive in left branch block when the septal 


SODEMAN ET AL.: Q, DEFLECTION OF ELECTROCARDIOGRAM 279 


muscle is healthy. When this happens, Q deflections occur in leads 
from the left side of the precordium. They may be expected in Lead I 
also, although, in one ease of this sort on record, large Q waves were 
present in leads from the left side of the precordium, but not in Lead I.” 

From the data available, we cannot be sure that the mechanism in 
question gave rise to the Q, deflection in the cases of left branch block 
with septal lesions under consideration. In 2 of these, this deflection 
appeared after symptoms characteristic of coronary thrombosis had 
occurred, which suggests that infaretion of the septum produeed it. 
In another case, however, the Q, deflection antedated the coronary ac- 
cident. The final decision as to whether there is a pronounced positive 
correlation between the presence of a Q, deflection in left branch block 
and septal involvement must wait until more extensive studies have 
been carried out. In the meantime, it is desirable that a full set of 
precordial leads be taken whenever a Q, deflection is encountered in 
tracings otherwise characteristic of left braneh block, not only for the 
purpose of ascertaining whether left branch block is really present, 
but also to find out whether a Q deflection is present in leads from the 
left side of the precordium and left axilla. 

It must be remembered that bundle branch block in man is almost 
always complicated by other cardiac abnormalities. The form of the 
electrocardiogram is determined not only by the failure of one bundle 
branch to conduct, but by extensive lesions of the ordinary ventricular 
muscle, as in infaretion, and by involvement of other conducting tracts 
or the Purkinje network. Wilson and Herrmann® severed minor and 
major subdivisions of the left bundle branch in their experiments on 
dogs. In one instance, a cut on the left side of the septum, after the 
right branch of the His bundle had been divided, led to the appearance 
of a prominent Q, deflection. The possibility that the presence of Q, 
in left branch block is sometimes due to a combination of conduction 
defects must, therefore, be borne in mind. 

The similarity in general contour between the ventricular electro- 
cardiograms obtained in preponderant hypertrophy of the left ventricle 
and those characteristic of bundle branch block of the more common 
type has attracted attention for a great many years. Lewis, believing 
that the right branch of the His bundle was the one affected in bundle 
braneh block of this type, brought forward a considerable body of 
evidence in support of the view that the ventricular complex was 
dominated by the levocardiogram in both conditions. Now that the 
block is known to be on the left side instead of the right, this view 
is no longer tenable. 

The similarity in question involves the position of the mean electri- 
cal axis, the direction of rotation of the instantaneous electrical axis, 
the direction and sequence in time of the major QRS deflections of the 
different limb leads, and the form of the T waves, which are almost 
always inverted in Lead T in left bundle branch block and are very 
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often inverted in this lead in left ventricular hypertrophy. In many 
instances of great hypertrophy of the left ventricle, the QRS interval 
is increased to between 0.10 and 0.12 second, and, under such cireum- 
stances, it may be difficult to ascertain whether the electrocardiographic 
abnormalities are due to left ventricular hypertrophy alone or to in- 
complete left branch block. 

Luten and Grove* and Hyman and Parsonnet?® championed the view 
that pronounced left axis deviation with inversion of the T deflections 
in Lead I and upright T waves in Lead III is due to incomplete branch 
block, even when the QRS interval is not distinetly increased. Luten 
and Grove stressed the point that this conception was the only one that 
satisfactorily explained both the axis deviation and the form of the 
T waves. The anatomic arguments which they advanced to support it 
are no longer valid because they were based on the erroneous ideas 
concerning the diagnosis of right and left branch block which were 
current at the time their paper was written. In 1920, Fahr** put for- 
ward the hypothesis that the form of the ventricular complex in pre- 
ponderant enlargement of the left ventricle is due to an increase in 
the length of the subdivisions of the left branch of the His bundle, and 
a consequent delay in the activation of the muscle of the left ventricle 
as compared to that of the right. At the same time he asserted that 
the classical views as to the loeation of the conduction defect in the 
two varieties of bundle branch block were erroneous, and that what 
had been considered right was really left branch block, and vice versa. 
Fahr’s contention is clearly in accord with the observations of Luten 
and Grove and Hymen and Parsonnet, and supports the view that left 
axis deviation accompanied by inversion of the T waves in Lead I is 
the first stage, so to speak, in the development of left branch block ; it 
also offers an alternative explanation of the tendency toward an in- 
crease in the QRS interval in left ventricular hypertrophy, attributed 
by Lewis to the increased thickness of the left ventricular wall. 

The views regarding the cause of left axis deviation and inversion 
of the T deflections in Lead I in preponderant enlargement of the left 
ventricle held by Fahr are nearly, although not exactly, equivalent 
to the idea that these electrocardiographie changes are the result of 
incomplete left bundle branch block. Now, it is obvious that the initial 
QRS components in incomplete left branch block must be identical in 
form with those present in complete left branch block. In both eases 
these components represent the earliest phases of the dextrocardio- 
gram, and there can be no reason why this should begin with a down- 
ward deflection in the one case and not in the other. It is for this 
reason that we have compared the incidence of Q, in axis deviation 
with its incidence in bundle branch block (Table 1V). As we have 
already pointed out, this deflection is present in about one-half the 
eases of left axis deviation, and its frequeney is nearly the same, re- 
gardless of whether we confine our attention to cases in which the 
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axis deviation index is very large or to cases in which it is only mod- 
erately increased, to cases in which the T waves are normal or to those 
in which the T waves are inverted in Lead I, or to cases in which the 
QRS interval lies within the accepted normal range or to those in 
which it measures between 0.10 and 0.12 second. On the other hand, 
Q, occurs in less than one-tenth of the cases of left bundle branch 
block. Contrary to what would be expected if left axis deviation were 
due to slow conduction of the cardiae impulse through the left limb 
of the His bundle, there is no tendency for the incidence of Q, to fall 
as the axis deviation index rises, or as the QRS interval lengthens. In 
order to obtain additional data bearing upon this problem, we reviewed 
all of the electrocardiograms taken in this laboratory over a period of 
three years with reference to the number of cases of left axis deviation 
in which Q, was the largest Q wave present in any of the limb leads; 
this information had been routinely coded. There were 1,199 cases of 
left axis deviation, and Q was largest in Lead I in 566, or 47.2 per 
cent of the total; Q was also largest in Lead I in 39 per cent of the 588 
classified as showing slight left axis deviation, 54 per cent of the 611 
classified as showing pronounced left axis deviation, and 40.4 per cent 
of 304 cases in which the T waves were inverted in Lead I and no 
digitalis had been given. In a review of curves of this last type, it 
was often noted, when a series of curves had been taken, that inversion 
of the T waves developed with the passage of time without any accom- 
panying change in the contour of the QRS complex. These data show 
clearly that there is no justification for considering incomplete left 
branch block the sole, or even a common, cause of left axis deviation 
alone, or of left axis deviation associated with inversion of the T deflee- 
tions in Lead I. For, if it were, we should certainly expect the inei- 
dence of Q, in left axis deviation to approach its incidence in complete 
left branch block as the form of the ventricular complex became more 
abnormal with respect to the value of the axis deviation index, the form 
of the T waves, or the length of the QRS interval. 

We do not, of course, deny that left axis deviation, whether or not 
it is accompanied by inversion of T in Lead I, by an increase in the 
QRS interval, or by both, is sometimes due to incomplete left bundle 
branch block. When a Q deflection is present in Lead I, however, 
this is very unlikely, because the incidence of this deflection cannot be 
greater in incomplete than in complete left bundle branch block. When 
Q, is absent, the estimation of the probability that incomplete left 
branch block is or is not present is much more difficult. The proba- 
bility that it is present is no doubt greater when the QRS interval 
measures between 0.10 and 0.12 second than when it is shorter. Since 
the incidence of Q, reached 42.6 per cent in the group of 108 cases of 
left axis deviation in which the QRS interval was more than 0.10 and 
less than 0.12 second in length and was no greater in those in which 
T, was inverted than in those in which it was upright, it seems prob- 
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able, however, that only a small percentage of the curves of this kind, 
in which Q, is absent, represent a conduction defect in the left limb of 
the His bundle. 

In Lead III, the QRS complex begins with a downward deflection (Q 
or QS) in about one-third of the cases of left bundle branch block, and 
in approximately the same percentage of the cases of right branch 
block. In left branch block this deflection is not followed by a positive 
component, and should, therefore, be called QS instead of Q. Its pres- 
ence may be due either to initial positivity of the left arm, to initial 
negativity of the left leg, or to both. The former is exceedingly com- 
mon in left branch block because the initial positivity of the cavity of 
the left ventricle due to the spread of the cardiac impulse through the 
septal muscle from right to left is usually transmitted to the left arm. 
Were it not for the circumstance that the left leg is also initially posi- 
tive in the majority of cases, because the initial positivity of the right 
ventricular surface due to the spread of the impulse through the free 
wall of the right ventricle is transmitted to it, a QS deflection would 
oceur in Lead III almost as frequently as Q is absent in Lead I, and 
for the same reason. In a considerable percentage of the cases of left 
bundle branch block, the surface of the right ventricle is initially nega- 
tive, as is shown by the absence of an R deflection in leads from the 
right side of the precordium, and in many of these this initial nega- 
tivity is, no doubt, transmitted to the left leg and contributes to the 
frequency of a QS deflection in Lead III. It should be pointed out 
that these relations hold when the heart is in a relatively horizontal 
position. When the heart is relatively vertical, the potential of the 
left leg is like that at the left, instead of like that at the right, ven- 
tricular surface. In the dog, the long axis of the heart is nearly in line 
with the long axis of the trunk, and Q, or QS, deflections are very rare 
in Lead III in canine left branch block. In canine right braneh block, 
on the other hand, Q, is present more often than absent. 

In the kind of branch block curves that closely resemble those ob- 
tained in preponderant hypertrophy of the right ventricle with regard 
to the direction and relative size of the ventricular deflections of the 
standard limb leads, a Q, component very rarely occurs. Curves of 
this kind, which were at one time considered characteristic of left 
branch block, are very uncommon. In the great majority of the cases 
in which they oceur, the precordial electrocardiogram is in every way 
typical of right branch block; in some instances, however, it indicates 
that the conduction defect is on the left side. Of the seventy-seven 
cases classified as right branch block in Table I, there were only seven 
in which the electrocardiograms were of this kind. In the other 
seventy cases, the QRS complex of Lead I displayed a narrow R wave 
which often attained a voltage equal to, or greater than, that of the 
broad, notehed, or slurred S wave which followed it. The high inei- 
dence of Q, in right branch block is mainly due to the frequency of 
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this deflection in electrocardiograms of this type. When the heart is 
in a relatively horizontal position, as is usually the case when the pa- 
tient has left axis deviation or bundle branch block, Q, is almost al- 
ways of left ventricular origin, and its presence or absence is deter- 
mined by the character of the potential variations at the surface of the 
left ventricle at the beginning of the QRS interval. In left branch 
block, it is rare because the potential of the left ventricular surface, 
and consequently of the left arm, is initially positive. In left axis 
deviation, it is present when these regions are initially negative and 
absent when they are initially positive. Since right bundle branch 
block does not materially affect the potential at the surface of the left 
ventricle early in the QRS interval, Q, persists, unchanged in form, 
or remains absent, as the case may be, when right branch block de- 
velops (Table II). 

The rarity of Q, in right axis deviation cannot be explained in an 
entirely satisfactory manner at the present time. In normal persons 
who display this electrocardiographic peculiarity, the neart is usually 
in a vertical position. For this reason, initial negativity of the left 
ventricular surface is transmitted to the left leg, and produces Q de- 
flections in Leads IT and III instead of in Lead I. The potential of the 
left arm resembles that of the right ventricular surface, which is 
initially positive. In right ventricular hypertrophy the situation is 
different ; the enlarged heart is ordinarily transversely placed. Usually, 
unlike right bundle branch block, right ventricular hypertrophy has a 
profound effect upon the potential at the surface of the left ventricle at 
the very beginning of the QRS interval. This condition is represented 
in the precordial electrocardiogram by tall R waves, often preceded by 
Q waves in leads from the right side of the precordium and by small 
R waves, followed by deep S waves, in leads from the left side of the 
preeordium.’* In right ventricular hypertrophy, therefore, Q deflections 
are of right ventricular origin, and depend upon the occurrence of initial 
negativity at the surface of the right ventricle. Since this initial nega- 
tivity, when it occurs, is transmitted to the left leg and not to the left 
arm, which undergoes potential variations like those at the left ventricu- 
lar surface, Q deflections, when present, appear in Leads IT and III and 
not in Lead I. The data available at the present time afford no satis- 
factory explanation of the tendency for right ventricular hypertrophy 
to abolish initial negativity at the left ventricular surface or to induce 
initial negativity at the right ventricular surface. The solution of this 
problem must, therefore, be left to the future. 


SUMMARY 


An initial downward, or Q, deflection in Lead I is very uncommon in 
human left branch block. When this component occurs in an electro- 
eardiogram otherwise characteristic of this conduction defect, a lesion 
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of the ordinary muscle of the ventricular septum should be suspected, 
and a full set of precordial leads should be taken. 

A Q deflection in Lead I oceurs in about one-half of all cases of left 
axis deviation, regardless of the eriteria employed in selecting examples 
of this electroeardiographie abnormality. Left axis deviation accom- 
panied by inversion of the T waves in Lead I may sometimes be due to 
incomplete left bundle branch block when Q, is absent, but it is almost 
never due to this cause when this deflection is present. 

The incidence of Q, in right braneh block is similar to its ineidence 
in left axis deviation. In right axis deviation, this deflection is extremely 
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AURICULAR INFARCTION 


KE. W. Youne, M.D., A. B.S., M.D. 
PITTsBURGH, Pa. 


URICULAR infarction, as a distinct entity, is rarely reported, and 

the possibility or probability of such an oceurrence is hardly even 

mentioned in textbooks on heart disease. Most discussions of myocardial 

infaretion describe an anterior and posterior type, and dismiss other 

involvement with the statement that infarction after occlusion of the 

smaller branches of the coronary arteries is unusual because of the 
collateral blood supply. 

In 1938, Bean’ reported a series of 287 cases of myocardial infarction, 
including two definite auricular infarcts and one case of syphilitic in- 
faretion of the left ventricle in which there was a small sear in the 
auricular appendage. At that time, he stated: ‘‘It is improbable that 
the rarity of reported cases of infarct of the auricle is a true indication 
of its incidence.’’ Also in 1938, Feil, Cushing, and Hardesty? reported 
two instances of auricular infarction in thirty-four cases of myocardial 
infaretion. Langendorf,’ in 1939, reported a case of infarction of the 
right auricle, with electrocardiographie changes on the day previous to 
death which were attributed to the lesion. A comparatively larger 
number of cases of rupture of the heart have been reported, with not 
infrequent involvement of the auricle, chiefly the right. Infarction of 
the auricle is regarded as a common cause of rupture. Recently (1942), 
Cushing, Feil, Stanton, and Wartman,‘ of Western Reserve University, 
reported 182 cases of myocardial infarction, including thirty-one, or 17 
per cent, in which the auricle was involved. This is the highest incidence 
reported. However, in only six of these was the auricle alone involved, 
without infarction of the ventricle. 

Most experimental evidence and some of the clinical reports suggest 
that certain electrocardiographie changes may be indicative of the oc- 
eurrence of auricular infarction, although these are not constant. Dis- 
turbanees of the auricular mechanism, such as auricular fibrillation, 
auricular premature beats, auricular flutter, and wandering pacemaker, 
are considered by some to be the most reliable evidence. Other reports 
deseribe an elevation of the P-Ta segment in Lead I with involvement of 
the left auricle, and similar changes in the P-T'a segments of Leads II 
and III with lesions of the right auricle. The P waves may be broadened, 
inverted, diminished or increased in amplitude, slurred, or notched. 

Abramson, Fenichel, and Shookhoff* were able to produce constant 
changes in the electrocardiograms of dogs and cats by cauterization of 
the auricles. When the anterior or posterior surface of the right auricle 
was injured, the P-Ta segment of Lead I showed a depression, where- 
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as similar damage to the left auricle resulted in an elevation of this 
segment. The P-Ta segments of Leads II and III were depressed with 
cauterization of either right or left auricle, and therefore did not aid 
in localizing the lesion. Of their observations, these investigators said : 
‘*The constaney with which P-Ta segment changes in the dog and eat 
followed the production of auricular damage leads one to believe that 
possibly close examination of the comparable portion of the human elee- 
trocardiogram might be of value in those instanees in which the rare 
clinical condition of auricular infaretion with rupture is suspected.”’ 

Although auricular infarction with rupture may be rare, auricular 
infaretion without rupture is apparently a more common occurrence 
than was formerly supposed, and it is not unreasonable to expect that 
similar electrocardiographie changes might occur with infaretion which 
did not result in rupture. The observation has been made that these 
changes may be obscured in some instances by the beginning of ven- 
tricular activity (QRS). 

Depression or elevation of the P-Ta segments may oceur in normal 
electrocardiograms. However, in a series of 200 normal electroeardio- 
grams® in which depression of this segment occurred in Lead I in 55 per 
cent, it did not exceed 0.8 mm. in any ease. Only two records showed 
an elevation of P-Ta, and in neither of these was it more than 0.4 mm. 
In another series of 100 normals,’ elevation of the P-Ta segment was 
found only twelve times in Lead IIT and not at all in Leads I or II. 
Depression was more common; it occurred fourteen times in Lead I, 
fiftv-four times in Lead II, and twenty-one times in Lead III. The 
maximum deviation in either direction was 0.5 mm. It seems highly 
probable, therefore, that any electrocardiogram in which the P-Ta seg- 
ment is depressed (deviates from the normal level) more than 0.8 mm. or 
elevated more than 0.5 mm. may be considered strongly suggestive of 
auricular damage, particularly if the changes occur in Lead I. 

Because of the dearth of reports of auricular infarction, and also, be- 
cause of the lack of definite diagnostic clinical signs, it was thought of 
value to report the following cases.* Three of these patients had true 
auricular infarets, and the fourth was thought to have auricular infare- 
tion because of suggestive electroecardiographie changes, and is included 
for that reason. 
REPORT OF CASES 

The first case was that of a man, 36 vears of age, who complained of 
several attacks of substernal pain (under the lower half of the sternum), 
radiating outward and downward and into both arms below the elbows. 
Physical examination was entirely negative on two occasions, and an at- 
tempt to reproduce the pain by extreme exertion was unsuccessful. An 
electrocardiogram, taken four months after the first attack, did not show 
any suggestive variations from the normal. Five days after the electro- 
cardiogram was taken, the patient apparently nad an attack of severe 
pain, associated with vomiting, and died in about thirty minutes. 


*These cases were observed in the past year and a half at the Presbyterian Hos- 
pital of Pittsburgh. 
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Autopsy revealed a dark-red, sharply cireumseribed, hemorrhagic lesion 
of the wall of the right auricle (Fig. 1). This area was roughly circular, 
and measured approximately 1 em. in diameter. Incision into this area 
showed that it was a true infaret; the wall at this point was a very 
dark red as a result of intramural hemorrhage. This lesion was located 
at, or very near, the auriculoventricular node, just below the opening of 
the inferior vena cava and to the right of the opening of the coronary 
sinus. There were no old sears or other lesions. The coronary arteries 
and their branches showed irregularly distributed sclerosis, and, in some 
places, were quite hard and almost occluded. This was especially 
marked in the main vessels. 


Pig. 1. 


The second case was that of a woman, 58 years old, who was admitted 
to the hospital with a history of sudden onset of severe dyspnea, with lit- 
tle or no pain. Signs of circulatory failure were evident in the poor qual- 
ity of the heart sounds, rapid pulse rate, marked cyanosis, moist rales at 
the bases of both lungs, and slight peripheral edema. The diagnosis on 
admission was coronary occlusion. An electroeardiogram (Fig. 2), taken 
the following day, showed inversion of the P waves in Leads II and IT], 
depression of the P-Ta segments in Lead I, and elevation of the corre- 
sponding portions in Leads II and III. There was a peculiar. dome-shaped 
appearance of the P-Q segments in Lead III which might be considered 
the equivalent of the RS-T changes which are characteristic of ventricu- 
lar lesions. Because of these changes, involvement of the auricle, pre- 
sumably the right, by infaretion was suggested. The patient died 
forty-four hours after admission, and autopsy revealed dilatation of the 
right auricle and a rim of dark discoloration along the A-V junction, ex- 
tending into the auricular appendage (Fig. 3). On cut section the wall 
here was infiltrated with blood. There was moderate atheroma of the 
aorta and coronary vessels, but no ocelusion of the large branches. The 
auricular lesion was reported as due to occlusion of a small vessel in the 
infareted area. The right ventricle, left auricle, and left ventricle 
showed no areas of infarction. 

In February, 1943, a woman, 26 years of age, was admitted to the 
hospital with a provisional diagnosis of congestive failure probably due 
to rheumatic heart disease, although definite evidence of a valvular lesion 
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was not present. Profuse sweating, marked pallor, and moderate 
dyspnea were present. Examination of the heart showed that it was 
enlarged to the left; the heart action was irregular, and apparently there 
were long periods of coupling. The sounds were accentuated at the apex, 
and, at times, a low, rumbling sound suggestive of a murmur was heard 


Fig. 2.—See text. 


just at the beginning of diastole. A teleoroentgenogram showed extreme 
enlargement of the heart with contours suggestive of mitral stenosis. An 
electrocardiogram (Fig. 4), taken the day after admission, revealed what 
was apparently 2:1 A-V heart block; alternate P waves were fused with 
T waves. The P waves were slightly notched in Lead I and peaked in 
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Leads II and III. Because of large, broad complexes in the usual posi- 
tion of the T waves, it was difficult to ascertain exact deviations from 
the base line. The P-Ta segments of Leads II and III seemed to be 
slightly depressed. No adequate explanation could be offered for the 
unusual changes, but the possibility of coronary thrombosis with un- 
usual effects on the myocardium and conductive mechanism was sug- 
gested. Three days after admission, the patient died, and examination 
of the heart post mortem showed an infarct, about 2 by 3 em., in the 
wall of the right auricular appendage. The right auricle was markedly 
dilated. A large ulceration was found on the interventricular septum 
below the tricuspid valve, extending through the wall into an aneurysmal 
sac. Section through the auricular area showed a true infaret. The 
final diagnosis was acute ulcerative endocarditis and infarction of the 
right auricular appendage. 


Fig. 3. 


A white man, 59 years of age, was admitted to the hospital April 5, 
1943, with the complaint of severe pain in the jaw, neck, chest, and 
abdomen which began suddenly while doing light work. The pain was 
constant, not relieved by rest, and there had been no previous attacks. 
Physical examination revealed slight pallor, a cold, clammy skin, 
dyspnea, and moderate cyanosis. There was a systolic murmur at the 
apex, and also a sound which was interpreted as a pericardial friction 
rub. The heart rate was 72 per minute, and the blood pressure, 178/110. 
A tentative diagnosis of coronary occlusion was made, and electro- 
eardiograms (Fig. 5) seemed to confirm this diagnosis. Changes con- 
sidered suggestive of auricular damage were present, as shown by the 
broadened, dome-shaped P waves in Lead I, notched, W-type P waves in 
Leads II and III, and the depressed P-Ta segments of Lead III. These 
abnormalities were fairly constant in all the tracings taken, but there 
were some variations, suggesting repair of the lesion, eight days after 
the onset. Because of the failure of the blood pressure to fall after the 
initial attack, and also because the pain, as described, was not typically 
that of coronary occlusion, the diagnosis was considered as only tentative. 
The pain continued in moderate severity until April 24, when death 
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: Fig. 4.—Right axis deviation. Large, broad complexes in Leads II, III, and IVF 
in position of T waves. Sound: variable third heart sound. Vibrations of faint 


systolic murmur. 
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Fig. 5.—Aonril 5, 1943, five and one-half hours after acute rain in left side of 
jaw, neck, and precordium. P waves flattened in Leads I and IVF. Ventricular com- 
plexes show well-developed left axis deviation and moderate slurring. Small Q waves 


in Leads I, IVF, and CF;: T waves up in Lead I, diphasic in Lead II, inverted in 
Lead III, up in Leads CF: and CF;, and diphasic in Leads CFs and IVF. 

April 6, 1943, twenty-seven and one-half hours after attack. P smaller in Lead I, 
split in Leads II and III. P-Ta depressed in Lead III. T waves negative in all leads. 
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occurred suddenly. On post-mortem examination of the chest, the left 
pleural space was found to be filled with blood and clots, compressing 
the left lung upward so that it occupied only one-fifth of its usual space. 
The pericardium was adherent to the lateral chest wall, but the cavity 
was dry when opened. The heart, aorta, and mediastinal structures were 
removed en masse, and the source of the bleeding was found to be rup- 
ture of a false aneurysmal sae at the level of the fifth thoracie vertebra. 
At the level of the origin of the left subclavian artery, there was a tear 
in the aorta at a thinned-out area, at which point the surrounding con- 
nective tissue was thickened and adherent. Distally along the course of 
the aortic arch and the beginning of the descending aorta, thickened 
mediastinal pleura formed a false €neurysm which was partially filled 
with thrombus, the rupture of which had produced the fatal hemorrhage. 
Sclerotic patches were present on the intima, and interstitial hemor- 
rhage extended proximally along the arch and involved the auricles, 
particularly the right. The left ventricle was thickened and somewhat 
dilated. The auricles were dilated. There were small calcified areas 
on the valve cusps, and an old, heaied vegetation was seen on one cusp 
of the mitral valve. The coronary openings were patent, and the 
coronary arteries were sclerotic and tortuous, but no evidence of myo- 
cardial infarction was seen. No auricular infaret was found in this 
case; however, the hemorrhage into the auricles may have produced 
sufficient damage to cause the changes noted in the P-Ta segments of 


this patient’s tracings. 
SUMMARY 


Three cases of distinct auricular infarction, without ventricular in- 
volvement, are presented. A fourth case in which the electrocardiograms 
showed changes apparently typical of auricular damage proved to be 
one of ruptured, false aneurysm, with hemorrhagic infiltration of the 


auricles. 
The first case was interesting because of the unfortunate location of 


the small infarct ; it might have been less serious if it had been located in 


the ventricle. 
In three of the four cases there were deviations of the P-Ta segments 


conforming to that deseribed as typical of auricular damage. In one 
there was also an apparent disturbance of the A-V conduction pathway; 
this was most likely due to the ulceration through the interventricular 


wall. 
All of the infarcts were located in the right auricle. 
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THE EFFECT OF CHRONIC LEAD POISONING ON ARTERIAL 
BLOOD PRESSURE IN RATS 


J. Q. GrirritH, JR.,* M.D., M. A. Linpaver, M.D. 
PHILADELPHIA, PA. 


ECENTLY, Fouts and Page’ reported their inability to produce 
arterial hypertension in one dog which was chronically poisoned 
with lead over a period of three years. A second dog, poisoned for a 
much shorter time, likewise failed to develop hypertension. They state 
that ‘‘the belief that chronic lead poisoning leads to arterial hypertension 
extends deep into the annals of clinical medicine, but the evidence on 
which it is based is unconvinecing,’’ and conclude from their negative 
results that ‘‘the problem in human beings needs reinvestigation.’’ 
Although conelusions from studies on animals cannot always be carried 
over to man, it would certainly seem that lead would be an unlikely 
cause of hypertension in man if it could not produce hypertension in an 
animal, especially in an animal which is known to be capable of develop- 
ing hypertension from some other cause. Therefore, it seemed well to 
repeat the study with a different species of animal. 


METHOD 


Healthy albino rats, weighing 150 to 200 grams, were used. Fifteen 
were successfully carried through the experimental procedure. Lead 
acetate was given in a dose of 90 mg. daily, omitting every seventh day 
throughout the experimental period. This corresponds to about 70 mg. 
of lead, as such, per day, and was given dissolved in 2 ¢.c. of water by 
stomach tube. 

The blood pressure was measured by the indirect method described 
by Griffith,? and, in two animals, directly by inserting a needle into the 
abdominal aorta. This needle was connected by a rubber tube, filled 
with saline, to a mercury manometer, the inertia of which was so great 
that there was no visible pulsation in the mercury column. Under such 
circumstances, the pressure measured is mean pressure, in contrast with 
the indirect method, which is thought to measure systolic pressure. 
Hereafter, the term ‘‘blood pressure,’’ when unqualified, will indicate 
blood pressure measured by the indirect method. 

In ten of the fifteen animals, the blood pressure was measured before 
beginning the administration of lead, and found to be normal. In the 
remaining five animals, the blood pressure was first measured ten days 
after beginning the administration of lead, and found to be normal at 
that time. It was therefore assumed that it had been normal initially. 
Thereafter, the blood pressure was measured every fifteen to twenty 
days, depending upon convenience. More frequent readings were con- 
sidered impractical because each necessitated induction of surgical anes- 
thesia with ether. The blood pressure was measured four times in four 
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animals, three times in seven animals, and twice in three animals. All 
animals charted survived at least until the thirtieth day, after which, 
some were sacrificed for acute experiments and some died; four animals 
survived until the experiment was terminated on the eightieth day. 
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DAYS AFTER BEGINNING LEAD POISONING 


Fig. 1.—Chart showing the effect of chronic lead poisoning on the systolic 
pressure of fifteen rats. 


blood 


RESULTS 

The results are shown in Fig. 1, in which only the indirect measure- 

ments are charted. The horizontal line at 150 mm. represents the upper 

limit of normal by this method. It is apparent that all animals that 
survived forty days were hypertensive. 
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The mean blood pressure, measured directly by a needle in the aorta, 
normally does not exceed 90 mm. of mereury. In two hypertensive ani- 
mals in which the blood pressure was measured by both methods, the 
results were as follows: 

Rat 1—Indirect (systolic) blood pressure, 180 mm. of mercury ; direct 
(mean) blood pressure, 119 mm. of mereury. 

Rat 2.—Indirect (systolic) blood pressure, 160 mm. of mercury ; direct 
(mean) blood pressure, 122 mm. of mereury. 

CONCLUSION 
Chronic lead poisoning can produce arterial hypertension in rats. 
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AN ELECTROCARDIOGRAPHIC AND CLINICAL STUDY OF 
VARIOUS SO-CALLED CARDIAC DRUGS 


R. M. Tannowsky, M.D., Norma ANpERSON, M.D., AND 
J. K. VANDEVENTER, M.D. 
Los ANGELES, CALIF. 


OR years, many pure glycosides have been in common use in the 

treatment of congestive heart failure. Many of these have been 
given parenterally in the hope of facilitating rapid digitalis action. 
Until recently, there has been little in the literature to prove 
that they act rapidly, and their use in the past has been based 
entirely on the claims of their various manufacturers. In a previous 
communication, one of us’ observed the rapid effect of one of these 
glycosides on the electrocardiograms of two normal control subjects at 
ten-minute intervals for a period of two hours or more, and subsequently 
noted the effect of this glycoside at frequent intervals in many cases of 
congestive heart failure. The electrocardiographic changes appeared 
to follow a characteristic form in all subjects under observation. This 
led us to believe that some electrocardiographic change might typify 
each of the various glycosides, and that these changes might be charac- 
teristic of specific drug action on the myocardium. Since this initial 
observation, we have noted varying electrocardiographie changes after 
the use of many glycosides, and we believe that this warrants further 
study. 

The effects of various digitalis bodies on the electrocardiogram of 
man and animal have been recorded frequently.*® Most of these 
studies were mainly concerned with general changes in the polarity of 
the T wave. No attempt was made to evaluate the changes in the RS-T 
segment and T wave quantitatively and individually for each prepa- 
ration used. Other studies failed to record characteristic digitalis 
effect because of failure to evaluate the action of the drug in the 
various electrocardiographic leads. MeMillan and Bellet’ called at- 
tention to various changes in the S-T segment and other electrocardio- 
graphic components after the administration of digitalis which they 
felt were quite characteristic. Our observations lead us to believe that, 
if all of the above factors be taken into consideration, the electrocardio- 
graphic criteria of a digitalis effect are quite dependable. Further- 
more, we have been led to believe that many digitalis glycosides® vary 
in their effect on the electrocardiogram. 

Changes in the RS-T segment and T waves are not entirely limited 
to the action of digitalis. It is generally accepted that many physio- 
logie and pathologie changes in the myocardium alter these constitu- 
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ents. Coronary anoxemia,® hyperventilation,’ and innumerable changes 
in cardiac function are known to produce both segment changes and 
alteration in the polarity of the T waves. Master, Friedman, and Dack"' 
have shown that, after exercise, a general depression of the RS-T seg- 
ment and T waves may occur in the presence of coronary insufficiency. 
This study suggests that digitalis depression of these electrocardio- 
graphic components may be the result of cardiac anoxia. Digitalis effects 
on the electrocardiographic constituents have been variously deseribed 
by Oettel,’? Gold and his co-workers,'* and others.’*-'* Wegria and his 
associates,'® in a recent study, felt that changes in the electrocardiogram 
after digitalis administration appeared to be characteristic for each type 
of preparation used. 

The use of the electrocardiogram for clinical standardization of digi- 
talis preparations has been suggested by many clinicians. These obser- 
vations have been discounted in the past, and we are led to believe that 
a more detailed study, embracing all phases of electrocardiographie 
change caused by various digitalis preparations, may lead to a more con- 
sistent series of observations. Although our observations are prelimi- 
nary, we feel that they support this contention. 


TABLE I 
METHOD OF 

DRUG USED DOSAGE ADMINISTERED spetminwnarion 
Digifolin (Ciba) 4 c.c., 2 cat units Intravenously 
Digalen (Roche) 4 c.c., 2 cat units Intravenously 
Digilanid (Sandoz) 8 c.c., 4.8 cat units Intravenously 
Ouabain (Smith) 4 e.c., 10 eat units Intravenously 
Cedilanid (Sandoz) 8 «.c., 1.6 mg. Intravenously 
Digoxin (B. W. & Co.) 3 «c., 3 cat units Intravenously 
Scillaren-B (Sandoz) 1 e.e., 1 cat unit Intravenously 
Strophosid (Sandoz) 2 c.c., 1 mg. Intravenously 
Strophanthin-K (Abbott) 2 ¢.¢., 0.5 mg. Intravenously 
Coramine (Ciba) 1.5 ¢.c. (Pyridine beta- Intravenously 


carboxylic acid diethyl- 
amide of nicotinic acid) 
Metrazol (Schering) 1e.e. (1% grains of penta- Subcutaneously 
methylenetetrazol ) 


The drugs listed in Table I were given in the dosage recommended by 
the manufacturer. All preparations, with the exception of metrazol, 
were given rapidly by the intravenous method. In the ease of digoxin, 
the recommended dose was diluted with physiologic saline to make a total 


volume of 10 e.e. 
METHOD OF STUDY 


Each preparation was given to two subjects who were free from cardio- 
vascular disease. Normal rena] function was a prerequisite in each case. 
Investigation was made to ascertain whether or not the subjects had 
drug idiosynerasies. Prior to the study, an electrocardiogram was 
recorded in the four conventional leads recommended by the American 
Heart Association. A Sanborn Cardiette and a portable Cambridge 
machine were used alternately, and were so standardized that a 1 em. 
deflection represented a potential difference of 1 mv. Each subject was 
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placed in a supine position, where he remained until the completion of 
the study. After the administration of each drug, Lead IT was recorded 
at ten-minute intervals for a period of not less than two hours. When 
no electroeardiographie change was noted after one hour’s observation, 
the study was discontinued. Throughout the period of observation, each 
subject was examined from time to time, and interrogated relative to the 
appearance of untoward symptoms. 
RESULTS OF STUDY 

1. Cedilanid (Lanatoside C).—The average heart rate of the two 
subjects that received 1.6 mg. of Lanatoside C was 90 per minute at the 
commencement of the experiment. An appreciable reduction of this rate 
was not noted until two hours after the administration of the drug, and 
this reduction was only 5 beats per minute. One subject had frequent 
ventricular ectopic beats before the drugs was given, and these dis- 
appeared completely throughout the period of observation. In both 
subjects, a gradual depression of the RS-T segment was noted, begin- 
ning 10 minutes after the drug was administered and continuing for 
a period of from 90 to 100 minutes. At this time, the RS-T depression 
reached its maximum of 2 mm. A return of this depression was first 
noted 110 minutes after the drug was given, and a gradual return of 
this segment to normal occurred in approximately twenty-four hours. 
The positive polarity of the T waves in both subjects diminished, and 
could be considered isoelectric 80 minutes after the was given. 
The T waves remained in this isoelectric state throughout the entire 
period of observation, and, at the end of twenty-four hours, their for- 
mer positive polarity was still mainly lacking. Neither subject pre- 
sented untoward symptoms or physical signs attributable to Lanatoside C. 

2. Ouabain.—One subject received 10 cat units of ouabain which was 
recommended as active, although its poteney expiration date had almost 
arrived. This preparation was found to be ineffective, clinically and 
clectrocardiographically. The remaining subject received fresh ouabain 
solution directly from the manufacturer. The effect of the drug was 
almost immediate on both the heart rate and the electrocardiogram. At 
the end of 130 minutes of observation, the heart rate was reduced from 
92 per minute to 52 per minute. This marked sinus effect continued for 
four hours after the completion of the experiment. The maximum de- 
pression of the RS-T segment was noted ten minutes after the drug was 
given. The T wave also showed its maximum depression within ten min- 
utes. The quantitative depression of the RS-T segment and the T wave 
approximated more than 1 mm. at this time. Both of these components 
gradually increased their positive polarity, and, at the end of 120 min- 
utes, two-thirds of their depression had heen nullified. This rapidity of 
action on the electrocardiogram was unlike any of the other glycosides 
used in this study. It possibly accounts for the sudden deaths which we 
have observed when it has been given to patients with congestive heart 
failure who had been receiving digitalis previous to its administration 
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Fig. 1.—Comparative serial electrocardiograms recorded in Lead II. (Note rapid 
change with ouabain and gradual change with Lanatoside C on RS-T segment and 
T wave.) 
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Fig. 2.—Maximum cedilanid deflection. 1 cm. = 1 mm. on electrocardiogram. 

Diagrammatic Scheme.—Changes in the electrocardiographic pattern of the RS-T 
segment and T wave before and after* the intravenous; administration of the various 
cardiac glycosides. 

Scale 1 cm. equals 1 mm. on actual tracings. 

*In the case of ouabain, a return of the pattern to normal is noted. 


¢Metrazol was given subcutaneously. 
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Fig. 3.—Inert ouabain (old). Maximum effect. 1 cm. = 1 mm. on the electrocar- 
diogram, 
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Fig. 4.—Fresh ouabain. Maximum deflection in ten minutes. Dotted line represents 
4 return to normal in two hours. 
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with diagnosis of 


Admitted Apr. 12, 1943, 
Electrocardiogram recorded in 
premature contractions. 


Fig. 5.—F. H., female, age 68 years. 
hypertensive heart disease and congestive failure. 
Lead III demonstrates bundle branch block and ventricular 
A, Ouabain was given intravenously, prior to history of maintenance digitalis therapy. 
B. Within sixty seconds ventricular fibrillation and death resulted. 
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Fig. 6.—Maximum digoxin effect. 1 cm. = 1 mm. on the electrocardiogram. 
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Fig. 7.—Digalen. 1 cm. = 1 mm. on the electrocardiogram. 
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(see accompanying electrocardiogram of I. H.). There was no evi- 
dence of an ouabain effect eleetrocardiographieally, eight hours after the 
drug was administered. 

3. Digorin.—After the intravenous administration of 3 cat units of 
this drug, gradual depression of the RS-T segment was noted in both 
subjects. This depression reached its maximum in 120 minutes, and 
measured 34 mm. The T wave was gradually depressed in a like manner, 
and, at the end of 120 minutes, was lowered 14 mm. The action of this 
drug on the electrocardiogram was not unlike eedilanid, but the degree 
of depression was far less. As in the ease of cedilanid, digoxin produced 
an almost negligible early sinus effeet. The maximum reduction in heart 
‘ate throughout the entire 120-minute period of observation was six beats 
per minute. Evidence of digoxin effect was still apparent eight hours 
after the completion of the study. No untoward symptomatie or physi- 
cal effects were noted in either subject throughout the entire course of 
the study. 

4. Digalen.—Although the RS-T segment and T wave were depressed 
only 4 mm, in each subject, a moderate sinus effect occurred in both 
throughout the 120-minute period of observation. The average redue- 
tion in heart rate was 10 beats per minute. This reduction was first 
noticed 30 minutes after the drug was administered, and continued 
throughout the 120-minute period of observation. Eight hours after the 
study, the sinus reduction no longer obtained, but the 44 mm, of RS-T 
segment and T-wave depression was still apparent. No untoward symp- 
tomatie or physical changes attributable to this drug were noted through- 
out the entire period of study. 

5. Digilanid.—After the intravenous administration of this drug (4.8 
eat units), a gradual reduction in heart rate was noted; this continued 
for the entire 130 minutes of observation, and averaged 14 beats per 
minute. <A slight sagging effect on the RS-T segment occurred in 20 
minutes, and this continued for 70 minutes after the drug was adminis- 
tered, at which time it reached its maximum depression of 4 mm. The 
depression of the T wave occurred gradually after the drug was adminis- 
tered, and, at the end of 130 minutes, the depression reached its maxi- 
mum of 144 mm. On a previous study, 2 cat units of this drug were ad- 
ministered to a subject, and the only noticeable effect on the electro- 
cardiogram was a 14g mm. depression of the descending limb of the T 
wave. No untoward symptoms resulted from the administration of this 
drug. 

6. Strophanthin-K (Abbott).—One mg. of this drug was given intra- 
venously to two subjects without producing untoward symptoms or 
physical signs. Throughout the entire experiment, which was conducted 
for a period of two hours, little or no effect was noted on the RS-T seg- 
ment and T wave. In one subject there was a slight, questionable de- 
pression at the commencement of the RS-T segment. The sinus effect on 
the heart rate was negligible. 
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7. Strophosid (Sandoz).—Each of two subjects received one me. 
of this drug intravenously without untoward clinical effeets. Changes in 
the RS-T segment throughout the entire study were negligible. The only 
effect on the T wave was a 1% mm. depression of its descending limb. 


No sinus effeet was noted. 
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Fig. 8.—Digilanid, maximum deflection. 1 ¢m. = 1 mm. on the electrocardiogram. 
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Fig. 9.—Strophanthin-K. Maximum deflection. 1 cm. = 1 mm. on the _ electro- 
cardiogram. 
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Fig. 10.—Strophosid. Maximum deflection. 1 ecm. = 1 mm. on the electrocardiogram. 


8. Scillaren-B..-Two  subjeets received 0.144 mg. of this drug with- 
No change in the RS-T segment occurred 


out untoward clinical effects. 
Very slight depression of 


throughout the entire period of observation. 
the descending limb of the T wave was noted 80 minutes after the drug 
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was given. A slight sinus reduction in heart rate occurred within 10 
minutes after the drug was administered, and continued throughout 
the entire period of observation. 

9. Metrazol.—This drug was given subeutaneously to two subjects in 
2 c.c. doses (3 grains). Approximately 20 minutes after the drug was 
given, an increase in the depth of respiration was observed. No other 
clinical change occurred. The RS-T segment, 20 minutes after the drug 
was given, revealed slight depression (1 mm.), and this depression con- 
tinued for approximately 60 minutes. This segment change disappeared 
at thhe end of two hours. Forty minutes after the administration of this 
drug, a very slight increase in the positive polarity of the T wave was 
observed (4% mm.). This slight increase in positive polarity continued 
throughout the entire period of observation. An appreciable sinus redue- 
tion in the heart rate of approximately 25 beats per minute was noted 


at the end of two hours. 
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Fig. 11.—Metrazol (given subcutaneously). Maximum effect of 114 grains. 
1 mm. on the electrocardiogram. 


icon. = 


MM 
4 
START 
3 "G60 
2 
‘ 


CORAMINE- (/BA) CC. 


Fig. 12.—Coramine. Maximum deflection. 1 cm. = 1 mm. on the electrocardiogram. 


10. Coramine.—Three c¢.c. of this drug were given to two sub- 
jects without noticeable clinical effect. The only electrocardiographie 
change appeared to be slight shortening of the QT interval. A ques- 
tionable 4» mm. sagging of the RS-T segment was observed in one sub- 
ject. No sinus effect was noted. 
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DISCUSSION 


Of the various glycosides administered to normal subjects in this study, 
only three, cedilanid, digoxin, and ouabain, produced significant electro- 
eardiographie change within the two-hour serial study. It is interesting 
that cedilanid and digoxin act in a similar manner by producing gradual 
depression of the RS-T segment and T wave, although the former did so 
more significantly. These drugs are similar in chemical make-up. 
Digoxin is known to be a degradation product of cedilanid. In the case 
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Fig. 13.—Representative serial electrocardiograms, recorded in Lead II following in- 
travenous drugs. (Note sinus effect.) 
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of active ouabain, the maximum effeet on the RS-T segment and T wave 
occurred within ten minutes after the intravenous administration of 
the drug. This rapidity of action may in some way be related to the 
toxic effects occasionally noted when it is given to patients who are al- 
ready fully digitalized. The return of the electrocardiographice compo- 
nents toward normal seems to follow, inversely, the pattern of electro- 
eardiographie effect. The ouabain effect on the electrocardiogram was 
two-thirds nullified at the end of the two-hour period of observation, 
whereas the effects of both cedilanid and digoxin remained almost at a 
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Fig. 14.—Representative serial electrocardiograms using the various glycosides. 
corded in Lead II. Full digitalizing dosage was given intravenously. 
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maximum until the study was completed. Of these three drugs, ouabain 
produced the most significant sinus effect. Digalen and digilanid had 
little electrocardiographie effect. It is quite likely that, had this study 
been extended, significant changes would have occurred. Both Stro- 
phanthus glycosides used in this study failed to produce appreciable 
electrocardiographiec change. The same was true of the glycoside of 
squill. Metrazol produced slight segment depression which continued 
for approximately sixty minutes, and, at the completion of our study, a 
noticeable increase in the positive polarity of the T wave was present. 
This change we are unable to explain. The effect of coramine was 
negligible. 


Fig. 15.—Serial electrecardiograms on cardiac glycosides, recorded in Lead II. 


The foregoing observations suggest a selective electrocardiographie ef- 
fect for at least some of the drugs used in this study. The actual sig- 
nificance of these observations is open to further investigation. 

SUMMARY 

1. Three eardiae glycosides, namely, cedilanid, digoxin and ouabain, 
produced appreciable and characteristic eleetrocardiographic changes 
within the two-hour period of observation. 
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2. The effects of cedilanid and digoxin were gradual, but the former 
produced a more significant change, quantitatively. 

3. A fresh preparation of ouabain produced significant electrocardio- 
graphie change that can be considered maximum for this drug within 


ten minutes after administration. 
4. This ouabain effect was two-thirds nullified at the end of two hours, 


whereas the effects of cedilanid and digoxin remained almost at their 


maximum until the study was completed. 
5. The foregoing observations suggest that there is a selective action 
of these drugs on the eleetrocardiogram, and this selectivity warrants 


futher study. 
6. Metrazol produced an electrocardiographie change which was un- 


like that produced by the glycosides. 
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ON THE MECHANISM OF THE ELECTROCARDIOGRAPHIC 
SYNDROME OF SHORT P-R INTERVAL WITH PROLONGED 
QRS COMPLEX 


THEODORE T. Fox, M.D., AaNp Auprte L. Boss, M.D. 
New York, N. Y. 


HE subject of this paper, namely, the electrocardiographic phe- 

nomenon of a short P-R interval followed by a prolonged QRS com- 
plex, has been heretofore judged to be of academic interest only. <Ac- 
tually, it is part of a syndrome manifested by heart consciousness which 
occurs in patients who have a tendeney to paroxysmal arrhythmias. 
These ectopic rhythms may have their focal origins in either auricles 
or ventricles. Although they are often more annoying than dangerous, 
the fact that there is always a potential hazard was pointed out re- 
cently by Wood, Wolferth, and Geckeler,t who reported the sudden 
death of a boy of 13 years. 

Knowledge of the mechanism of this peculiar syndrome is still in its 
hypothetic stage. The hypothesis advanced by Holzmann and Scherf? 
and Wolferth and Wood? is essentially as follows: 

Some hearts possess, in addition to the normal conduction system, 
an aberrant pathway connecting one of the auricles with one of the 
ventricles. Through this aberrant pathway, early stimulation of one 
of the ventricles may occur. The relatively later spread of excitation 
to the other ventricle is the cause of the prolongation of the QRS 
complex. 

This hypothesis was recently supported by the experimental evidence 
of Butterworth and Poindexter.‘ By short-cireuiting the normal con- 
duction system through an amplifier, they were able to reproduce the 
electrocardiographie picture in animals. In a recent communication,’ 
clinicolaboratory evidence was presented in favor of this hypothesis. 
It was suggested that the QRS complex in the syndrome may, in some 
eases, be the result of simultaneous functional activity of the aberrant 
and normal pathways. Histologic proof of the existence of accessory 
conduction connections between the auricles and the ventricles of a pa- 
tient with this type of electrocardiographie abnormality was recently 
furnished by Wood, Wolferth, and Geckeler.' 

If the assumption of an aberrant conduction pathway is correct, it 
should be possible to modify conduction by means of drugs (or other- 
wise), either in it or the normal conduction tissue in such a manner as 
to obtain functional release of one or the other. Depression of the 
functional activity of the aberrant tissue should divert the electrical 
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impulse exclusively through the A-V node, and, in so doing, rectify the 
conduction time relationships in the electroecardiogram. If, on the 
other hand, the A-V node could be depressed at a time when the electro- 
cardiogram pattern is normal, the aberrant mechanism, being the sole 
pathway, should give rise to an electrocardiographie pattern consisting 
of abnormal complexes. 

A ease suitable for this sort of clinical investigation recently presented 
itself at Seaview Hospital. 


H. W., a 31-vear-old colored man, was admitted Feb. 12, 1942. His 
past history included pneumonia and influenza in childhood and gonor- 
rhea in adolescence. For several years prior to admission, he had had 
oceasional pains in various joints and had noted occasional palpitation 
on slight exertion. In November, 1941, he developed a cough with a 
small amount of yellowish sputum, asthenia, and loss of weight. In 
December, 1941, he was very ill, with elevation of his temperature to 
103° 

On physical examination, a dorsal scoliosis was noted. The lungs 
were normal c¢linically and roentgenographically. The heart sounds 
were of good quality and regular. The rate was SO per minute. <A 
soft systolie murmur was heard at the apex of the heart. Fluoroscopie 
examination revealed no abnormalities of the cardiovascular silhouette. 
The blood pressure was 140/80. There were no evidences of heart fail- 
ure. The hands and feet were cool. The radial arteries were thick- 
ened. The blood cell counts were normal, the blood was normal from the 
chemical standpoint, and the blood Wassermann reaction was negative. 
Urinalysis showed a faint trace of albumin and an occasional erythro- 
cyte and leucocyte. The electrocardiogram showed a short P-R interval 
with prolonged QRS complex (Fig. 1, B). The clinieal course was 
uneventful. Many sputum and gastrie examinations for acid-fast ba- 
cilli vielded negative results. The blood pressure was variable, and, at 
times, reached hypertensive levels (148, 164, systolic; and 118, 124, 
diastolic ). 

EXPERIMENTAL OBSERVATIONS 

The following pertinent experimental observations were made over 

a period of three months: 


1. On April 17, a control electrocardiogram showed a P-R interval of 
0.08 second and a QRS time of 0.11 to 0.12 second. There was a noteh 
on the upstroke of R,, and also on the downstroke of R, at its summit. 
The heart rate was 68 to 75 per minute. Atropine sulfate (1.3 me.) 
was given intravenously. Tracings were taken at short intervals for 
a period of fifteen minutes. The heart rate increased to 100 per minute. 
The voltage of the QRS complex increased in the standard leads. With 
the increase in voltage, the slur and notch on R, , were obliterated. 
The P-R interval and the duration of the QRS complex were not af- 
fected. Fifteen minutes after the administration of atropine, prostig- 
mine methylsulfate (1 ¢.¢. of 1:4,000 solution) was administered sub- 
cutaneously. Twenty minutes later the heart rate was 72. There was 
no other change in the electrocardiogram. 

2. On April 17, 18, and 19, the patient was given a daily oral dose 
of 0.4 Gm. (4 eat units) of digitalis leaf. On April 20, the tracing 
showed his usual (abnormal) pattern in Leads I and Il. In Lead III 
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there was an occasional altered (normal) beat, and, in Lead IV, reg- 
warly recurring complexes with a P-R interval of 0.16 second and a 
QRS time of 0.08 second were recorded. The RS-T, segment was ele- 
vated, and T, was diphasic. The record obtained April 21 is reproduced 
in Fig. 1, A, and that of April 22, in Fig. 1, C. This latter was the 
only record with reversed conduction relationships in all leads through- 
out the course of the observations except those obtained after the ad- 
ministration of quinidine. 


and III show normal sinus rhythm. Lead IV shows a 
Lead IV differs, however, from 
B, The characteristic abnormal trac- 


Fig. 1—A, Leads I, II, 
short P-R interval and a prolonged QRS complex. 


the usual fourth lead in the abnormal tracings. 
ing. C, Normal sinus complexes in all four leads. 


3. On April 24, 2 me. of atropine sulfate were given intravenously. 
The heart rate increased from 75 per minute in the control reeord to 
100 per minute. There was an increase in the voltage of the QRS com- 
plex in the standard leads, as observed previously after the administra- 
tion of atropine. In a series of tracings taken over a period of twenty 
minutes, the rhythm remained the same. Twenty minutes after the 
administration of atropine, prostigmine methylsulfate (1 ¢.c. of 1:4,000 
solution) was given intramuscularly. The heart rate decreased to 86 
per minute with no other change. 

4. On April 25, positional tracings were taken on deep inspiration 
and deep expiration. The electrocardiographie pattern remained ab- 
normal in all tracings obtained. Structural changes occurred in the 


A 
B. C 
t 3 
— 


314 AMERICAN HEART JOURNAL 


R wave and in T,. There were spontaneous variations in heart rate 
from 60 to 100 per minute. Some of the variations are recorded in 
Fig. 2. 

5. Beginning April 30, the patient was given 0.4 Gm. (4 cat units) 
of digitalis leaf daily by mouth for four consecutive days. Daily elee- 
trocardiograms were secured. The only changes observed were exag- 
gerated depression of the R-T segments in all leads and variations in 
rate (Fig. 3, B and C). 

6. On May 8, the control tracing showed a heart rate of 75 per minute. 
R-T, ana, Were still markedly depressed. Epinephrine (0.5 ¢.e. of a 
1:1,000 aqueous solution) was administered intramuscularly. Tracings 
were obtained fifteen, twenty, and twenty-five minutes after the in- 
jection. Twenty minutes after the injection the heart rate was 50, 
which was the slowest rate ever observed in this case (Fig. 3, A). 


be 


Fig. 2.—Positional tracings. A, Leads I, II, and III taken in the supine position. 
B, Leads I, II, and III taken in the supine position on deep inspiration. C, Leads I, 
II, and III taken in the right lateral position. D, Leads I, 1I, and III taken in the 


left lateral position. 


7. On May 15, the control tracing showed a heart rate of 60 per 
minute. Mecholyl chloride (15 mg.) was given subeutaneously. <A 
tracing obtained two minutes after the injection showed a rate of 100 
and accentuation of the notch on the upstroke in Lead I, with con- 
comitant lowering of the voltage of QRS,, as if a change in the electrical 
axis had taken place. Seven minutes later, at the height of the systemic 
reactions due to mecholyl (sweating, lacrimation, and choking sensa- 
tion), 2 mg. of atropine sulfate were given intravenously. The heart 
rate remained at 100 per minute, approximately the same as before 
the injection. The voltage of R, increased and the notch on the up- 
stroke became less conspicuous. No other structural change in the 
electrocardiogram took place. An occasional premature ventricular con- 
traction appeared. 
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8. On May 19, the patient was given an oral test dose of quinidine 
sulfate (0.2 Gm.), after which 0.4 Gm. was given orally every four 
hours. On May 20, he had 0.4 Gm. of quinidine at 8:00 a.m. and 0.8 
Gm. at noon. In the two days he had received a total of 3.3 Gm. of the 
drug. An electrocardiogram taken at 3:00 p.m. showed a normal sinus 
pattern similar to the tracing reproduced in Fig. 1, C. 

9. On May 22, the control tracing showed the usual (abnormal) char- 
acteristics. A single dose of 0.8 Gm. of quinidine sulfate was admin- 
istered. A tracing obtained three and a half hours later again showed 
the normal sinus pattern. 

10. On May 25, the control tracing showed the usual abnormality. 
Two and a half hours after a single dose of 0.8 Gm. of quinidine, a 
tracing revealed a normal pattern in all leads. At this time 4 e.c. of 
prostigmine methylsulfate (1:4,000) were given intramuscularly. A 
tracing taken fifteen minutes later was again abnormal. This took 
place approximately two hours and forty-five minutes after the ad- 
ministration of quinidine. 


Fig. 3.—Lead II only. A, The effect of 0.5 cc. of 1:1,000 epinephrine intramus- 
cularly. B, Tracing taken after two daily doses of digitalis leaf, 0.4 Gm. each. C, 
Tracing taken after four daily doses of digitalis leaf, 0.4 Gm. each. 


11. On May 27, control tracings were abnormal. A single dose of 
0.8 Gm. of quinidine sulfate was given orally, and frequent tracings 
were taken in order to establish the time of onset and the duration of 
the expected change in conduction. It appeared two and a half hours 
after the administration of the drug and lasted two and a half hours 
thereafter. 

12. On June 1, the control tracing was abnormal. A single dose of 
quinidine sulfate (0.8 Gm.) was given orally. Two hours later a tracing 
showed an alternating type of conduction (Fig. 4, A and B). The 
subsequent tracings were normal. Three hours and forty-five minutes 
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after the administration of quinidine (about one and a half hours after 
the onset of normal conduction), 4 ¢.¢. of prostigmine methylsulfate 
(1:4,000) were given intramuscularly. The tracing taken fifteen min- 
utes later was still normal. The next tracing, taken forty-five minutes 
after the injection of prostigmine, was abnormal. 


Fig. 4.—Alternating type of rhythm after quinidine. A, Lead II on one occasion. B, 
Lead III on another occasion. 


13. On June 3, the control tracing was abnormal. Three hours after 
a single oral dose of quinidine sulfate (0.8 Gm.) the conduction was 
alternating. TWe three and one-half hour tracing was normal in all 
leads. Fifteen milligrams of mecholyl chloride were given subcutane- 
ously about four hours after the administration of quinidine. Two 
minutes later the tracing still showed a normal conduction pattern, 
but the rate was faster. Ten minutes after the injection of mecholyl 
the conduction was alternating. At this point the systemic reactions 
due to mecholyl were so marked that atropine sulfate (1.2 mg.) was 
given intravenously. The tracing obtained immediately after the in- 
jection of atropine was again abnormal; the rate was slightly slower 
than in the control tracing. Fifteen minutes after the injection of 
atropine the rate was considerably slower than in the control (Fig. 5). 

14. On June 4, the control tracing was abnormal. A single oral 
dose of 0.8 Gm. of quinidine sulfate was administered, and several trac- 
ings were taken at frequent intervals. The tracing was still abnormal 
three and a half hours after quinidine was given. It first became nor- 
mal four hours after the administration of quinidine. Six cubie centi- 
meters of digifolin (3 cat units) were then given intravenously. <A 
tracing taken two minutes later was normal. Fifteen minutes after 
the injection of digifolin, the electrocardiogram was again abnormal. 
There was no other structural change in any of the segments of the 
QRS-T complex. 

15. On June 5, quinidine (0.8 Gm.) again was given orally. A single 
tracing, obtained four hours later, showed normal conduction. The eon- 
trol had shown the usual abnormal characteristics. 

16. On June 18, it seemed that the patient had become tolerant to 
quinidine. He was given 0.8 Gm. of the drug at 7:00 a.m. (before 
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breakfast). Frequent electrocardiograms were taken. Four hours and 
forty minutes after the administration of the drug, the tracing was still 
abnormal. He was given a second dosé of 0.8 Gm. at 11:50 a.m. One 
hour later the electrocardiographie pattern was normal. At this time 
strophanthin K (0.25 mg. in 1 ¢.¢.) was given intravenously. Serial 
tracings were ‘taken immediately after the injection and for five hours 
subsequent to it. The conduction remained normal. No tracings were 
taken during the night. The following morning the conduction was 
again abnormal. 


Fig. 5.—A, Control tracing. B, Alternating rhythm observed three hours after a 
single dose of quinidine (0.8 Gm.). OC, Normal tracing three and one-half hours after 
administration of quinidine. D, Tracing obtained two minutes after 15 mg. of me- 
cholyl subcutaneously. FH, Alternating rhythm after injection of mecholyl. F, Ab- 


normal tracing following injection of mecholyl. G, Tracing obtained fifteen minutes 
after injection of atropine. Note slow rate as compared with control tracing in A 


17. On June 22, four hours and fifteen minutes after a single dose 
of quinidine (0.8 Gm.), the electrocardiogram was still abnormal. <A 
second dose of 0.4 Gm. was then administered. Forty-five minutes after 
the second dose the tracing was normal. Forty-five minutes later, 
strophanthin K (0.5 mg. in 10 ¢.c. of saline) was given intravenously. 
Tracings were taken at frequent intervals for one and one-half hours. 
The pattern remained normal. The next tracing, one hour later, was 
abnormal; it was taken two and one-half hours after the injection of 
strophanthin, or three hours and fifteen minutes after the conduction 
became normal. 

18. Beginning June 25, the patient was given 0.4 Gm. of quinidine 
sulfate four times daily for a period of eight days. No medication was 
given during the night. Electrocardiograms were secured daily at 
about the same time (3:30 p.m.). A normal pattern was observed on 
one occasion only (June 30). The last two abnormal tracings showed 
an upright T,. 

19. On July 3, a single dose of quinidine sulfate (1.1 Gm.) was given 
at 7:00 a.m. A tracing secured at 10:30 a.m. was normal. Prostigmine 
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methyl sulfate (5 ¢.c. of 1:4,000 solution) was then administered intra- 
muscularly. Tracings were taken at five-minute intervals. Fifteen 
minutes after the injection the patient appeared uncomfortable; his 
face was covered with beads of perspiration. The twenty-five-minute 
tracing was still normal, without even an appreciable change in the 
heart rate. Fifteen milligrams of mecholyl chloride were then admin- 
istered subeutaneously. Two minutes later the heart rate inereased 
from 70 to 120 per minute; the conduction, however, remained normal. 
Three minutes after the injection of mecholyl the patient’s discomfort 
increased greatly. He perspired profusely, and developed a choking 
sensation and an intense desire to urinate. Two milligrams of atropine 
sulfate were immediately injected intravenously. Tracings were taken 
before, during, and after the injection. The conduction remained nor- 
mal. The heart rate, however, decreased to 87 per minute within five 
minutes after the injection. Consecutive tracings at frequent intervals 
were normal until 2 p.m., when the first abnormal tracing was obtained 
(heart rate, 75 per minute). It differed from the control in that it 
showed extremely high voltage of the QRS complexes, apparently an 
effect of atropine, as observed previously. 


COMMENT 


During the three months the patient was under observation, 105 
electrocardiograms were taken. On one oceasion, a tracing showing 
normal sinus rhythm in all four leads was obtained three days after 
digitalis was discontinued. All other normal tracings apparently re- 
sulted from giving quinidine. Quinidine sulfate was given on twelve 
occasions; in doses of 0.8 Gm. or more it never failed to produce a normal 
sinus pattern. The effect of the drug was apparent as early as two 
hours after its administration. In the later observations (Experi- 
ments 16 and 17), a longer time was required for the effect to become 
manifest. It is quite possible that the element of time, rather than the 
second dose of the drug, was the determining factor in producing the 
normal electrocardiographie pattern in these experiments. The dura- 
tion of the quinidine effect was at least two and one-half hours after a 
single dose of 0.8 Gm., and at least five hours when a second dose was 
given five hours after the unsuccessful, or insufficient, first dose. The 
effect of a single 1.1 Gm. dose was a normal conduction pattern which 
lasted at least three and one-half hours. 

The effect of quinidine on this electroecardiographiec phenomenon was 
previously reported by Roberts and Abramson.* Their observations 
were subsequently confirmed by Wolferth and Wood.’ It is interesting 
that doses of 0.325 Gm. were ineffectual in the latter’s case, whereas a 
double dose produced a normal pattern. It is evident that, in order 
to maintain the normal conduction pattern, large doses would have to 
be repeated at frequent intervals to balance the rate of absorption and 
the rate of excretion of the drug. The effect of quinidine is interesting 
from the physiologic point of view. It lends support to the hypothesis 
advaneed by Holzmann and Scherf? and Wolferth and Wood’ that the 
syndrome is due to the presence in some hearts of an aberrant conduction 
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mechanism which connects one of the auricles with one of the ventricles. 
Quinidine apparently has a pronounced affinity for the aberrant mech- 
anism, and depresses it. Normal transmission of the sinus impulse then 
takes place through the A-V node, with the normal electrocardiographic 
pattern. On the other hand, any substance with a greater affinity for 
the A-V node will depress it and allow propagation of the sinus impulse 
through the aberrant mechanism, with the resulting abnormal electro- 
cardiographie pattern. 

The effect of digitalis on the syndrome was first noted by Scherf and 
Schénbrunner.* They observed an increase in the duration of the ab- 
normal QRS complex after the administration of digitalis and ultimate 
disappearance of the abnormally conducted beats when the drug was 
continued. They concluded that the abnormal conduction mechanism 
is more susceptible to the effects of digitalis than the specific conduction © 
tissue. 

In a recent communication,’ a more detailed study of the effect of 
digitalis on the syndrome was reported. An increase in the duration 
of the abnormal QRS complex was produced by the drug, and evidence 
was presented to indicate that the phenomenon is vagal in character. 
The effect of digitalis on the abnormal complex was interpreted as in- 
dicating increased asynehronism of ventricular stimulation due to the 
cholinergic properties of the drug, particularly to its depressing effect 
on the A-V node. The usual abnormal complex was thought to be a 
compromise effect of the simultaneous functional activity of the A-V 
node and the aberrant tissue. 

In the case herewith presented, no such effect of digitalis on the ab- 
normal complex was observed. When administered (intravenously), 
however, at a time when the aberrant conduction tissue was depressed 
and the conduction pattern was normal, it caused reappearance of the 
abnormal complex. Other cholinergic drugs, namely, prostigmine and 
mecholyl, had a similar action. Since the transformation of the normal 
conduction pattern to the abnormal one was accomplished soon after 
a normal pattern was established, it is hardly possible that this could 
have been spontaneous. The failure of the combined action of mecholy! 
and prostigmine to reproduce the abnormal pattern in Experiment 19 
may be explained by the marked depression of the aberrant tissue caused 
by a large dose of quinidine (1.1 Gm.). The double dose of quinidine 
in Experiments 16 and 17 was probably the cause of the failure of 
strophanthin to produce the abnormal conduction pattern. The strug- 
gle between the A-V node and the aberrant tissue in this ease did not 
result in a compromise modification of the QRS complex, but rather in 
a surrender of the functional activity of one or the other mechanisms. 

The presence of exaggerated vagal tone in eases of this syndrome is 
supported by the following additional evidence: sinus arrhythmia of 
greater or lesser extent was almost universally present in all the ab- 
normal tracings. The heart rate was subject to spontaneous fluctuations 
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from 60 to 100 per minute (Fig. 3, B and CC). Even when the vagus 
was not in full control (Fig. 4), an arrhythmia manifested itself in 
the relation of the abnormal groups to the normal ones and also in their 
relationship to each other. After an injection of epinephrine, the pa- 
tient behaved like an animal with its vagi intact; his heart slowed—a 
phenomenon supposed to be reflexly mediated through the carotid sinus 
and aortie nerves and caused by elevation of the blood pressure. The 
slowing of the heart rate produced by atropine after mecholy] is prob- 
ably of the same nature, and is caused by the rise in blood pressure. 


SUMMARY 


A ease of short P-R interval and prolonged QRS complex is presented. 

On repeated occasions the abnormal electrocardiogram was _ trans- 
formed into a normal one by the oral administration of quinidine. 

Cholinergic drugs, including digitalis, when administered soon after 
the appearance of the normal electroeardiographie pattern, reproduced 
the abnormal pattern. 

These observations are in harmony with the hypothesis that the ab- 
normal electrocardiographie pattern is due to an accessory auriculo- 
ventricular conduction mechanism. Quinidine sulfate apparently has a 
greater affinity for the accessory tissue, and depresses it, thus allowing 
transmission of the sinus impulse through the normal pathway, whereas 
the cholinergie drugs (including digitalis), by depressing the A-V node, 
divert the impulse through the aberrant conduction tissue. 


We wish to acknowledge the help of Lieutenant Colonel Irving S. Wright and 
Major Delavan V. Holman in the preparation of this paper. 
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CLINICAL EXPERIENCE WITH DICUMAROL 


Captain WiuuiaM I. Gerrer, M.C., Davin W. Kramer, M.D., AND 
JoHN G. ReEINHOLD, PH.D. 
PHILADELPHIA, Pa, 


HE prothrombin-lowering principle of spoiled sweet clover, 3,3’- 

methylene-bis-(4-hydroxycoumarin), was isolated, identified, and 
synthesized by Link and his co-workers.'** The synthetic preparation, 
dicumarol, was first used in man by Butt, Allen, and Bollman,* and by 
Bingham, Meyer, and Pohle.* Both groups of investigators suggested 
that giving small doses of the drug daily was more effective than a single 
large dose, and that dicumarol might be used as a substitute for heparin 
in the prevention of thrombosis. Meyer, Bingham, and Pohle’ recom- 
mended an initial oral dose of 5 mg. per kg. of body weight, followed by 
1 to 4 mg. per kg. daily. 


This report is based on the study of thirty patients with thrombo- 
embolic diseases (Table I). There were fourteen cases of peripheral 
arterial occlusion (six femoral, two popliteal, two axillary, one brachial, 
two thromboangiitis obliterans, one arteriosclerosis obliterans); one 
case of coronary artery occlusion; four cases of cerebral artery occlusion 
(two embolic, associated with rheumatic heart disease, and two throm- 
botic) ; two cases of subacute bacterial endocarditis; four cases of pul- 
monary artery occlusion; one case of retinal vein thrombosis; three cases 
of thrombophlebitis; and one case of what was probably hepatic vein 
thrombosis. 

METHOD OF STUDY 


Twenty-five patients received 300 mg. of dicumarol orally on each of 
the first two days, and 50 mg. daily thereafter. The drug was discon- 
tinued when the first indication of hemorrhage appeared. [ive patients 
received 200 mg. every other day; the intervals were prolonged when 
the prothrombin was considered to be dangerously low. The average 
predosage levels were: plasma prothrombin, 80 per cent; clotting time, 
four minutes; bleeding time, two minutes. In all cases a control de- 
termination of plasma prothrombin, venous clotting time, and bleeding 
time were made just prior to the administration of dicumarol and at 
frequent intervals throughout the therapeutic period. In many eases, 
similar observations were made with respect to the leucocyte count, 
hemoglobin, blood sugar, blood urea nitrogen, van den Bergh, icterus 
index, bromsulfalein retention, and urine specific gravity, albumin, 
sugar, and formed elements. 

Plasma Prothrombin.—Quick’s* method was used for determining the 
plasma prothrombin, and the results were expressed in percentage of 
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TABLE I 
SUMMARY OF PATIENTS TREATED WITH DICUMAROL 
NUMBER 
RE- CASE 
iNOSIS TED REMARKS 
DIAGNOSIS OF |ooverrp| 
CASES 
1. Peripheral Arteriosclerotic heart disease; au- 
arterial oc- ricular fibrillation; embolectomy ; 
clusion slight wound, bleeding on the 
a. Femoral 6 1 third day; prothrombin, 20 per 
cent 
2  |Gunshot perforation of femoral ar- 
tery; massive hematoma; surgical 
repair; no toxicity 
 |Arterioselerotic heart disease; died 
within twenty-four hours 
Arteriosclerotic heart disease; dia- 
betes mellitus; no toxicity 
. 5 Gangrene of toes (body cast for 
fractured femur); 200 mg. every 
other day for 34 doses; improved 
circulation ; no toxicity 
” 6 |Gangrene of toe; 200 mg. every 
other day; no toxicity 
hb. Popliteal 2 ” 7 |Gangrene of toes; amputation; no 
toxicity 
S  |Slight circulation improvement; no 
toxicity 
«. Brachial ] * 9 Arteriosclerotic heart disease; gan- 
grene on tips of two fingers; slow 
improvement; rectal bleeding on 
twelfth day; prothrombin, 11 per 
cent; clotting time, five minutes 
d, Axillary 2 10 |Rheumatice heart disease; auricular 
fibrillation; 200 mg. every other 
day; no toxicity 
11 Arteriosclerotic heart disease; heart 
block; diabetes mellitus; died 
within twenty-four hours; no 
toxicity 
e. Thrombo- 2 12 =|Slight temporary improvement; leg 
angiitis amputation later; no toxicity 
obliterans 
13 |Slight improvement in one leg; 200 
mg. every other day for three 
weeks; no toxicity 
f. Arterio- 1 . 14 |No improvement, leg amputation 
sclerosis later; no toxicity 
obliterans 
2. Coronary 1 * 15 |Died on nineteenth pro- 
artery thrombin, 100 per cent at death; 
occlusion no toxicity 
3. Cerebral 2 ” 16 |Rheumatie heart disease; congestive 
artery failure, no toxicity 
occlusion 
a. Embolic 
. 17 |Rheumatie heart disease; auricular 
fibrillation; slow improvement; 
small episcleral hemorrhage on 
sixth day; bleeding time six 
minutes; clotting time, six min- 
utes; prothrombin 8 per cent 
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TABLE I—CoNnT’pD 


NUMBER 
RE- CASE 
IAGNOSIS OF DIED REMARKS 
— COVERED NUMBER 
CASES 
b. Throm- 2 18 {Hypertensive heart disease; dia- 
botic betes mellitus; slow improvement ; 
no toxicity 
. 19 |Died in four days; blood not clotted 
at autopsy table, twelve hours 
after death 
4. Subacute 2 = 20 ~=|Died after two months’ treatment; 
bacterial no toxicity 
endocarditis ™ 21 Died in three days; no toxicity 
5. Pulmonary 4 ba 22 Auricular fibrillation; no toxicity 
artery = 23 Secondary to phlebitis; no toxicity 

24 Following cesarean section; hema- 
turia and vaginal bleeding on 
eighth day; prothrombin, 8 per 
cent; clotting time, ten minutes; 
one blood transfusion 

= 25 Small hemorrhages of feet two 
weeks after treatment begun; 
prothrombin 47 per cent; 200 mg. 
every other day for thirty-five 
days 
6. Retinal vein 26 Progressive improvement; no tox- 
thrombosis icity 
7. Thrombo- 3 . 27 Pelvic inflammatory disease, phlebi- 
phlebitis tis of leg; improved rapidly; no 
toxicity 
r 28 Prompt improvement; no toxicity 
29 |Good results; no toxicity 
8. Hepatic vein l . 30 Acute phlebitis of leg twelve days 
thrombosis post partum; enlarged liver; ab- 
dominal distention; prominent 
superficial abdominal veins; 200 
mg. every other day; no toxicity 
Totals 30 23 7 


the average normal. <Acetone-treated rabbit brain served as thrombo- 
plastin, and, with normal plasma, gave prothrombin times of eleven to 
thirteen seconds. 

Venous Clotting Time.—F ive ecubie centimeters of venous blood were 
withdrawn into a sterile, dry syringe and quickly transferred to a 
‘chemically clean, dry test tube whieh was gently tilted every thirty 
seconds until the entire sample no longer flowed. The venous clotting 
time was recorded as the time which elapsed from the moment the blood 
was shed to when it congealed. 

Bleeding Time.—The finger tip was pricked, and the time the drop of 
blood took to clot sufficiently to close the puncture in the skin and stop 
the bleeding was noted. The moment when bleeding ceased was taken 
as the end point. 

RESULTS 

Of the thirty patients treated, twenty-three recovered and seven died 
(Table I). Analysis of the deaths reveals that no toxie manifestations 
due to the drug were observed in any. Two were treated for femoral 
artery occlusion, one for axillary artery occlusion, one for coronary 
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artery occlusion, one for cerebral thrombosis, and two for subacute 
bacterial endocarditis. It is difficult to say whether or not the dieumarol 
contributed to the fatal outcome in any of these. It is our impression, 
however, that the disease pursued its natural course. It is equally diffi- 
cult to credit the drug with contributing to recovery in our cases with 
a favorable outcome, although evidence is extant in this direction. Ob- 
servations on the peripheral circulation were made by one of us 
(D. W. K.°). Oscillometrie readings were made in eight cases; in five 
there was slight improvement, and in three, no appreciable effect on the 
larger arteries. In one case, there was definite improvement om the 
uninvolved side. With the histamine test, six of the eight patients 
showed improvement, two of whom showed definite improvement in the 
peripheral circulation by capillary response. When the larger arterial 
trunks are involved with thrombotie formation, the oscillometer will 
usually not demonstrate much improvement unless an appreciable 
amount of arteriospasm is present. The histamine test, however, is 
more likely to detect improvement in the distal capillary circulation. 

Prothrombin.—Fig. 1 represents the results of determinations of 
plasma prothrombin in terms of percentage of normal in the patients who 
received 300 mg. daily for two days and 50 mg. daily thereafter. Three 
patients received dicumarol for as long as forty-four, fifty, and fifty- 
three days, respectively, with no evidence of cumulative or toxie effect. 
The curve which rises rapidly to a sustained prothrombin level of 100 
per cent (Case 15) is difficult to interpret. Considering expected effect, 
the probable explanation for this is failure of absorption of the drug. 

The broken line shows prompt restoration of the prothrombin eight 
days after withdrawal of the drug, which began when the prothrombin 
was 8 per cent (Case 24). One blood transfusion was given. In four 
eases, the prothrombin dropped to less than 10 per cent of normal, and 
transient hemorrhage occurred in two of these (Cases 17 and 24). 

Fig. 2 (curve A) is a composite derived from a spot graph of Fig. 1. 
Although it fails to indicate the indubitably present latent period (be- 
cause of insufficient determinations of prothrombin after twenty-four 
hours of treatment), it shows a rapid reduction of the prothrombin to a 
level of 25 to 30 per cent in two to three days, a maximum reduction in 
four to seven days, and then a slow, progressive rise to a level of about 
50 per cent in four weeks, where it was subsequently maintained. The 
prothrombin was 20 per cent or less from the fourth to the ninth days. 

Clotting Time.—Fig. 3 shows the results of the various clotting time 
determinations. These vary less markedly than do the prothrombin 
changes. The single clotting time of twelve minutes is associated with 
a prothrombin of 18 per cent, and the one of ten minutes with a 
prothrombin of 8 per cent. The broken line represents the return to a 
normal clotting time level of four minutes, eight days after cessation of 
the drug (Case 24). This is in general agreement with the observations 
of Quick,’® who found the coagulation time relatively little delayed until 
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Fig. 1.—Prothrombin determinations during oral dicumarol dosage of 300 mg. daily 
for two days, followed by 50 mg. daily. 
thrombin percentage after cessation of dicumarol therapy and one blood transfusion. 


The broken line (Case 24) represents pro- 
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Fig. 2.—Comparison of composite curves of prothrombin percentage and clotting 
time (obtained from spot graphs of Figs. 1 and 3 respectively), showing quantitative 


difference and close parallel. 
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Fig. 3.—Clotting time determinations during the study. The broken line (Case 24) 
represents determinations after cessation of dicumarol therapy and one blood trans- 
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Fig. 4.—Bleeding time determinations, showing, by inspection, lack of significant 
alterations. 
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the prothrombin content dropped below 20 per cent of normal. Barker, 
Butt, Allen, and Bollman" reported that an inerease in coagulation time 
usually occurred, but was considerably less constant than the effect on 
the prothrombin time. 

Fig. 2 (curve B) is a composite of Fig. 3, and shows a rapid increase 
in clotting time to a level of six minutes in two to three days, a maximum 
increase from four to seven days, and then a gradual return to a level 
slightly greater than normal in about four weeks. The clotting time is 
six minutes or more from the third to the tenth days. This curve 
parallels the prothrombin curve rather closely (Fig. 2). 

Bleeding Time.—The results of the bleeding time determinations 
(Fig. 4) are very variable. No pathologic level was observed, except 
the one of six minutes, at which time the prothrombin was 8 per cent 
(Case 17). This conforms with the observations of Allen, Barker, and 
Waugh" that the bleeding time is not influenced by dicumarol, and 
with those of Wright and Prandoni"™ that there is considerable variation 
in the bleeding time. 

TOXICITY 


No changes attributable to the dicumarol were observed in the leuco- 
cyte count, hemoglobin, blood sugar, blood urea nitrogen, van den Bergh, 
icterus index, bromsulfalein retention, and urine specifie gravity, 
albumin, sugar, and formed elements. The effect on plasma prothrombin, 
venous clotting time, and bleeding time have been discussed. Schofield'* 
found that spoiled sweet clover produced no abnormality of calcium or 
fibrinogen. No increase in antithrombin or decrease in platelets was 
noted by Roderick.'® Quick'® observed no alteration in any coagulation 
factor except prothrombin. Allen, Barker, and Waugh" reported an 
increased sedimentation rate and retarded clot retraction as a result of 
dicumarol. The latter observation was confirmed by Wright and 
Prandoni,'* who, however, found no sedimentation rate changes, no in- 
crease in capillary fragility, and no hepatic or renal damage. Butt, 
Allen, and Bollman’ reported no change in hemoglobin, erythrocyte 
count, leucocyte count, erythrocyte fragility, blood typing, serum 
bilirubin, or urine. Davidson and MacDonald'® noted no alteration in 
plasma proteins. 

The only toxie manifestations in our series were hemorrhagic phe- 
nomena (Table II) in five cases. On the third day after leg amputation, 
slight wound bleeding occurred (Case 1). Although the prothrombin 
was 20 per cent at this time, the complication may have been coincidental. 
Rectal bleeding occurred on the twelfth day of treatment for brachial 
artery occlusion (Case 9). The prothrombin was 11 per cent, and the 
clotting time, five minutes. A small episcleral hemorrhage developed 
(Case 17) on the sixth day of treatment, at which time the prothrombin 
was 8 per cent, the clotting time, six minutes, and the bleeding time, six 
minutes, On the eighth day after cesarean section (Case 24), hematuria 
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TABLE IT 
Toxicity oF DICUMAROL 
; HEMORRHAGIC DAY OF CLOTTING BLEEDING 
ASE T MBIN 
MANIFEST A- apprar- (%) TIME TIME 
— TION ANCE - ( MIN.) ( MIN.) 
1 Postamputation 
wound bleeding 3 20 ‘tin win 
9 Rectal bleeding 12 11 5 <= 
7 Small episcleral 
hemorrhage 6 8 ¢e 6 
24 Posteesarean section 
hematuria and 
vaginal bleeding 8 8 10 > 
25 Small hemorrhagic 
extravasations of 
feet 14 47 


and vaginal bleeding occurred. The prothrombin was 8 per cent, the 
clotting time, ten minutes, and the bleeding time, three minutes. Small 
hemorrhagie extravasations on both feet developed on the fourteenth 
day, when the prothrombin was 47 per cent (Case 25). All five patients 
recovered promptly; dicumarol was discontinued immediately after 
evidence of toxicity was discovered. The patient with the hematuria 
and vaginal bleeding improved more slowly than the others, and re- 
quired a whole blood transfusion. 

Although the basic causative factor in the bleeding is defective coagu- 
lation due to prothrombin reduction, a possible added factor may be 
the extensive dilatation of small vessels noted by Bingham, Meyer, and 
Pohle® in animals which were receiving fatal doses of dicumarol. Dura- 
tion of treatment is not a factor in toxicity, as indicated by the absence 
of ill effect in the three patients of our series who received the drug 
continuously for six to seven weeks. As much as 10 Gm. of dicumarol 
have been given over a ninety-two-day period without detectable changes 
in liver function.” 


COMMENT 


Since the risk of hemorrhage becomes distinct when the prothrombin 
is 20 per cent or less, it seems desirable to avoid the danger zone, from 
the third to ninth days (Fig. 2), by employing less drug during the 
first two days. The rising portion of the prothrombin curve might be 
explained by an increased tolerance to the drug, but it seems more rea- 
sonable to attribute it to the fact that the maintenance dose was approxi- 
mately 1 mg. per kg., rather than the recommended 1.5 mg. per kg. The 
progressive inerease in prothrombin to a level of 50 per cent seems un- 
desirable because of the associated reduction in clotting time to an almost 
normal level. 

A better dosage regime, therefore, might be 300 mg. of dicumarol 
on the first day, and 100 mg. thereafter. Although this schedule might 
produce a prothrombin curve more closely approximating the desired 
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one than does the authors’ curve, it must be realized that, at best, it is 
only a rough guide toward dosage, and that the only reliable method of 
adjusting the daily dicumarol dose is by the results of frequent plasma 
prothrombin determinations. 

There are a few large series reported on the use of dicumarol in 
normal persons to prevent thrombosis and embolism postopera- 
tively," 17» 15:19 and several small series on the use of dicumarol in 
thrombo-embolic diseases," As with our results, the majority of 
reports are encouraging. Most investigators are agreed upon the absence 
of effect of dicumarol on the liver, kidney, or blood, except for the 
significant effect on prothrombin and clotting time. Hemorrhagic 
phenomena have been the only form of toxicity reported in man. 

An obvious question which arises is, can the reduction of plasma 
prothrombin, particularly with the less marked alteration of venous 
clotting time, actually prevent intravascular clotting? There is experi- 
mental evidence for an affirmative answer. Allen, Barker, and Waugh’? 
and Wright and Prandoni' observed retardation of clot retraction after 
dicumarol therapy. Bollman and Preston?? noted a definite reduction 
in the tendency to thrombosis in glass cannulae inserted into carotid 
and femoral arteries of dicumarolized dogs. Dale and Jaques?’ made 
similar observations in veins crushed on a linen thread and in glass 
cells inserted between carotid artery and jugular vein. Richards and 
Cortell** found marked inhibition of thrombus formation in veins into 
which a sclerosing solution had been injected. 

Contraindications to the use of dicumarol : 

1. Subacute bacterial endocarditis, when there is already a natural 
tendency toward hematuria and central nervous system bleeding.'? 

2. Renal insufficiency, especially with urinary suppression. In this 
situation there is an exaggerated response to dicumarol.'” 

3. Blood dyserasia in which the hemorrhagic diathesis is already 
present. 

4, Liver damage with vitamin K deficiency, when the prothrombin 
concentration is already reduced and difficult to restore,'?'° and the 
effect on the prothrombin is more marked than in a patient without liver 
disease.*° 

5. Uleerating or granulating lesions, because of the tendency to bleed- 
ing in such eases."? 78 

Indications for dicumarol : 

1. To prevent postoperative thrombosis and embolism. 

2. To prevent extention of a thrombus already formed, and, sec- 
ondarily, improve blood circulation. 

Disadvantages.of dicumarol : 

1. Start of the action is delayed twenty-four hours or more. This 
may be overcome by using heparin for the first thirty-six hours, until 


hed 


the full effect of dicumarol has developed.'* 
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2. Increased clotting time persists several days after cessation of 
dicumarol therapy, and can be corrected only temporarily by blood 
transfusion. 

3. Factor of capillary dilatation. This is probably not of practical 
importance because it was demonstrated only in animals which received 
a massive, fatal dose of the drug. 

4. Prothrombin must be dangerously low before the clotting time is 
sufficiently altered. Therefore, facilities must be available for carrying 
out the frequent prothrombin determinations that are essential for safe 
regulation of the dicumarol dosage. 

Advantages of dicumarol over heparin : 

1. Effective when given by mouth. 

2. Prolonged action. 

3. Low cost. 

SUMMARY 

1. Thirty patients with thrombo-embolic diseases were treated with 
dicumarol. 

2. No changes were observed in the leucocyte count, hemoglobin, blood 
sugar, blood urea nitrogen, van den Bergh, icterus index, bromsulfalein 
retention, and urine specific gravity, albumin, sugar, and formed ele- 
ments. 

3. On the dosage schedule of 300 mg. orally for two days and 50 mg. 
daily thereafter, the plasma prothrombin fell rapidly from 80 per cent 
to 25 per cent of normal in three days, was 20 per cent or less from the 
fourth to ninth days, and then rose slowly to a level of 50 per cent in 
four weeks, where it was subsequently maintained. Coincidentally, the 
clotting time rose from four minutes to a level of six minutes in three 
days, was six minutes or more from three to ten days, and then fell 
slowly to a level slightly greater than normal in four weeks. The bleed- 
ing time was uninfluenced. 

4. Of the thirty patients, seven died and twenty-three recovered. Im- 
provement in the peripheral vascular circulation was demonstrated in 
six of eight cases studied. 

5. Hemorrhage, the sole manifestation of toxicity, was observed in 
five cases, in all of which the patient recovered. 

6. The only reliable method of ascertaining the proper dose of 
dicumarol is by frequent plasma prothrombin determinations. 
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ALTERATIONS IN THE FORM OF THE T WAVES WITH 
CHANGES IN HEART RATE 


Davip Scuerr, M.D. 
New York, N. Y. 


ee of the ventricular electrocardiogram appear occa- 
sionally in the first normal beat which follows an extrasystole. 
When a conduction disturbance exists in one of the bundle branches, 
the long postextrasystolie pause may permit better recovery of the 
specific tissue, thus improving the conduction of the first postextra- 
systolic beat. The signs of intraventricular block may disappear from 
this ventricular complex in the electrocardiogram.” '° Variations of 
the first postextrasystolic T wave are also encountered after inter- 
polated ventricular extrasystoles; the recovery time for the first post- 
extrasystolic beat is too short, and the stimulus for the first ventricular 
contraction after the extrasystole spreads aberrantly within the ven- 
tricles. In such instances, changes are usually also seen in the QnS 
complex. Finally, after a long series of extrasystoles (paroxysmal 
tachyeardia), T-wave changes may be found for a short time;* they 
can be explained by the cardiae damage caused by the tachyeardia 
(anoxia, exhaustion). 

This paper deals with alterations of the T waves and of the S-T seg- 
ments which appear in the first postextrasystolic beat after single extra- 
systoles and without changes of the QRS complex. Hitherto they have 
rarely been observed, and have not, to our knowledge, received detailed 
study. 

Electrocardiograms made at the Metropolitan Hospital during the 
years 1940 to 1942 constituted the material used in this investigation. 
In these three years, 16,810 tracings were taken. Occasionally more 
than one electrocardiogram was made on the same patient. In the 
Medical Department, an electrocardiogram was recorded routinely on 
every patient; in the other departments this happened only if an ar- 
rhythmia was discovered or a heart lesion suspected. The number of 
older patients in this hospital population is somewhat higher than in 
most general hospitals. 

Extrasystoles were found in 168 cases, that is, in one per cent of the 
electroeardiograms taken. Changes in the final deflection of the first 
postextrasystolie beat were seen in 57 cases, or one-third of those with 
extrasystoles. Among these 57 patients, 14 had auricular, and 43 ven- 
tricular, extrasystoles. In 15 eases, the electrocardiogram was other- 
wise normal, or showed only left axis deviation. In the others the 
changes varied. The pattern of left ventricular strain (left axis devia- 
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tion with displacement of S-T segment and T waves in a direction 
opposite to the main deflection) was seen frequently. Some patients 
showed the classical pattern of anterior wall infarction, others had in- 
verted T waves in Lead I or II, and a few showed widening or split- 
ting of the QRS complexes. 


II 


CR2 


Fig. 1.—Ventricular extrasystoles in a case of left axis deviation; there are changes 
in the form of the T wave in the first postextrasystolic beat. 


Some of the data collected from the 57 patients with changes in the 
T waves of the first postextrasystolic beat are shown in Table I. The 
first column gives the number; the second, the age of the patient; the 
third states the type of extrasystoles found; and the fourth indicates 
in which lead a postextrasystolic beat was registered. (Since all of the 
tracings were routine electrocardiograms, extrasystoles were frequently 
not registered in all leads.) The fifth column notes the presence or 
absence of evidence of organic heart disease, and the chief electro- 
eardiographic findings are mentioned in the sixth. In the seventh 
column the changes in the T waves of the first postextrasystolic beat 
are described. 

Fig. 1 was taken from a 32-year-old patient with hypertension (Case 
50 of Table I). The electrocardiogram shows sinus tachycardia, with a 
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heart rate of 110 and left axis deviation, without other changes in the 
QRS complexes. The T waves are positive in each lead, but rather low 
in Lead I. A ventricular extrasystole appears after every second or 
third beat. In Lead I the T waves of the first postextrasystolic beat be- 
come lower and slightly diphasic. The T wave in Lead II also becomes 
flattened after the extrasystole; in Lead III it is higher for the one beat 
after the extrasystole, and, in Lead CR,, the changes are similar to those 
in Lead I. 

Fig. 2 shows five tracings from five different patients. The first 
tracing, A, is Lead I, taken from a patient who suffered from coronary 
sclerosis; the T waves were inverted in all leads. The T wave in this 
tracing (Fig. 2) becomes positive in the first beat after the ventricular 
extrasystole. The same alteration may be seen in the second tracing, B, 
which is from a 54-year-old patient with coronary sclerosis; Lead II 
is reproduced. In this ease the extrasystoles appear so late that the 
postextrasystoliec pause is no longer than the normal pause. In the 
third tracing (Fig. 2, (), Lead III is reproduced; there were no T 
waves in any lead. An inverted T wave appears, however, immediately 
after a ventricular extrasystole. The first ventricular complex of this 
tracing also follows an extrasystole, and has, therefore, an inverted T 
wave. The fourth tracing, D, shows inverted T waves in the chest lead 
(CR,) of a 63-year-old patient with coronary sclerosis; the T wave of 
the first postextrasystolic normal beat becomes positive. The fifth trae- 
ing, E (CR,), from a 52-year-old patient with coronary sclerosis, shows 
deep, negative T waves. After an auricular extrasystole whose P wave 
is buried in the preceding T wave, the T wave of the first postextra- 
systolic sinus beat is less negative, and is followed by a positive eom- 
ponent. The first complex of this tracing shows the same thing be- 
cause it sueceeded an auricular extrasystole. 

Similar alterations were observed in other cases. Positive T waves 
were higher or lower in the first postextrasystolic beat, and inverted 
T waves more, or sometimes less, inverted; positive T waves became 
negative, and vice versa. Sometimes the changes were found in all 
leads, in other eases in only two. Occasionally they were visible only 
in the chest lead. At times, an inverted T wave in Lead I beeame 
positive, whereas a positive T, became negative. No changes in the 
QRS complex of the first postextrasystolic beat were observed. Both 
auricular and ventricular extrasystoles were present in some eases. The 
T-wave changes were identical after both types of extrasystoles. 

Even when definite electrocardiographie patterns existed, the type of 
change in the T wave of the first postextrasystolic beat could not be 
predicted. In 19 cases of hypertension, the pattern of left ventricular 
strain was found; in 9 of these cases the S-T segment of the first post- 
extrasystolic beat was less depressed and the T waves became positive. 
In 4 instances, however, the negative T wave in Lead I became more 
negative, whereas, in 6, there were no changes in the T wave in this 
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lead. The T waves of the chest lead also showed different changes in 
individual cases. In 9 cases in which there were definite evidence of 
myocardial involvement and a low or inverted T wave in Lead I, this 
became either higher or positive after the extrasystoles. In 5 eases 
in which the electrocardiogram was normal, the positive T wave in 
Lead I became inverted after an extrasystole. These five patients had 
cardiovascular disease (hypertension, angina pectoris, coronary sclero- 


sis). 


Fig. 2.—Changes in the T waves of the postextrasystolic beats in five cases. 


Reference was made earlier to 16 cases in which the electrocardio 
gram showed no signs of myocardial damage. Other observations in- 
dicated, however, the presence of organic heart disease in 9 of these 
Therefore, there were only 7 patients without definite proof of 
an organic heart lesion. Since some were over 50 years of age, coronary 
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sclerosis was possibly present. In 4 of the 7 cases, the T wave became 
higher after an extrasystole. In the remaining 3 it became lower or 
inverted. One of these patients (Case 17 of Table I), a 60-year-old 
man, had a thyroid adenoma; in the other 2 (Cases 18 and 31), who 
were 60 and 52 years old, vespectively, no proof of organic heart disease 
was found. The patients, however, were not observed sufficiently long 
to exclude an organic heart disease such as coronary sclerosis. Accord- 
ingly, in only three of 57 cases did the electrocardiogram of the first 
beat after the extrasystole show an alteration of the T wave in the sense 
of a myocardial lesion (lowering or inversion of the T wave) when 
there was no decisive evidence for the existence of heart disease. 


Fig. 3.—The upper tracing shows changes in the postextrasystolic T wave after a 
conducted auricular extrasystole; the lower shows the same changes after a blocked 
auricular extrasystole. 


These observations seem to warrant the conclusion that the T-wave 
changes in the first postextrasystolic beat are not rare. A normal or 
abnormal T wave may become more positive or more negative. Up to 
the present no definite rules could be drawn which were reliable for 
all types of changes. It can be said, however, that a change in the 
T wave in Leads I and II in the direction of negativity, and indicative 
of an abnormal electrocardiogram, is very rare when the heart is healthy, 
presuming that it occurs at all. 

The changes in the T wave of the first postextrasystolic beat might be 
ascribed to the extrasystole or to the long pause which follows it. 

Tracings like those in Fig. 3 show that the long diastole which fol- 
lows an extrasystole, and not the extra contraction itself, may cause 
changes in the final deflection of the first postextrasystolic beat. Auricu- 
lar extrasystoles, many of which were blocked, and sinus tachyeardia 
with 100 beats per minute were present in this case. The S-T segment 
was depressed and the T waves were positive. In the upper tracing, 
two normal beats are followed by an extrasystole. Its origin cannot be 
ascertained with certainty from this tracing. Since the postextrasystolic 
pause is not compensatory, and many other tracings from this patient 
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in other leads showed only auricular extrasystoles, an aberrant auricular 
extrasystole may be assumed also in this tracing. The normal beat after 
the extrasystole has a much higher T wave. In the lower tracing, 
from the same patient, one sees a blocked auricular extrasystole. The 
normal beat which follows shows the same changes as the postextra- 
systolic beat in the upper tracing, in spite of the fact that there was no 
premature ventricular contraction. In another ease, both conducted 
and blocked auricular extrasystoles were followed by the same lowering 
of the T waves of the first postextrasystolie beat. 


Fig. 4.—Five tracings from patients with auricular fibrillation; the form of the 
T wave changes with the length of the preceding diastole. 


Likewise, it became clear from observations on other arrhythmias 
that a premature ventricular contraction is not a prerequisite for the 
changes in the T wave. 

In Fig. 4, tracings are reproduced which were taken from five patients 
who suffered from coronary sclerosis and auricular fibrillation. The 
first tracing (Lead III) shows clearly that the T waves become in- 
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creasingly negative as the preceding pause lengthens. The same changes 
are visible in the second tracing (Lead CR,). In the third tracing 
(Lead CR,), however, the T waves are higher after a longer diastole, 
and the same situation appears in the fourth and fifth tracings (Lead 
I). No ehange in the QRS complex accompanies these alterations of 
the T waves. In the three-year period during which the tracings were 
examined in regard to the postextrasystolie T-wave changes, variform 
T waves, as in Fig. 4, were noted in 22 eases of auricular fibrillation. 
Since auricular fibrillation was observed in several hundred cases, this 
phenomenon may be considered uncommon, but by no means rare. In 
only 5 of these 22 cases was there lowering or inversion of the T waves 
after a longer pause. In 17 instances they became higher when the 
preceding diastoles were longer. The type of change varied in different 
leads from the same patient. Sometimes, after a longer pause, the T 
wave in Lead I beeame higher, whereas, in Lead III, it became lower. 
Oceasionally, variations appeared in only one of the limb leads or 
only in the chest lead. Changes in the T waves in all 22 cases were 
more pronounced as the length of the preceding diastole increased. 


Fig. 5.—Changes in the form of the S-T segment and T wave in two cases of partial 
heart block after diastoles of different length. 


Fig. 5 shows two tracings from patients with disturbances of auriculo- 
ventricular conduction and blocked auricular beats, causing the periodic 
appearance of longer pauses. The T wave of the systole after a longer 
pause is altered in both tracings. In the upper tracing (Lead I), par- 
tial auriculoventricular block (3:2 and 4:3) existed with a constant 
P-R interval. The T wave of the ventricular complex which follows a 
longer pause due to the blocking of an auricular stimulus is always 
deeper than the other T waves. Continuous 3:2 block, with fixed length 
of the P-R interval, is present in the second tracing. Here again, 
the S-T segment of the beat after the longer pause always differed 
from that of the other beats in that it had a much straighter course. 

The tracings presented thus far show changes in the S-T segments 
and T waves alone. If alterations also appear in the QRS complexes, 
another mechanism should be considered. Fig. 6 shows distinet changes 
in the QRS complex and in the final deflections of the beats which 
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follow the first two extrasystoles. One sees, however, the same devia- 
tions before the third extrasystole and also in the second beat following 
it. The same changes appeared in other tracings from the same patient, 
at times without extrasystoles. We may, therefore, assume that the 
changed form of the postextrasystolic beat in this case was due to an 
intraventricular disturbance of conductivity. 


DISCUSSION 


Changes in the T waves after extrasystoles have been noted before. 
They are frequently to be found in experimental or clinical tracings 
in textbooks or articles, without remarks by the authors. 

To the best of our knowledge, White was the first to notice changes 
in the postextrasystolic T waves. He described them in a paper on 
the alternating pulse as ‘‘slight alternation of the T-deflection’’ after 
premature beats. All of his patients had organic heart disease; tracings 
obtained from two patients were reproduced. They show deep inversion 
of the T wave for one beat after the extrasystole. 

Baeq deseribed the same phenomenon as ‘‘periodic change of the 
T wave’’ in hypertensives. In one case the positive T wave became 
negative after an extrasystole. A similar case was reported by Laubry 
and Poumailloux as an example of ‘‘electrie alternans.’’ This patient 
also had hypertension. The positive T wave was inverted after the 
extrasystole, the next T was again positive, the following one was nega- 
tive, and then the T waves remained positive. No attempt is made by 
these authors to explain the changes in the postextrasystolic T waves. 

Von Kapff reported one case in 1930 and 7 more in 1932. Evidence 
of organic heart disease was available in 6 out of these 7 cases. Among 
8 eases published by von Fernbach, 6 patients had signs of heart dis- 
ease and 7 had cardiac symptoms. T-wave alterations after extra- 
systoles have also been described experimentally.2.'* The T-wave 
changes in other arrhythmias do not seem to have received attention 
before. 

In order to explain these changes, the following possibilities are 
worth consideration. 

1. The Altered Form of the T Wave of the First Postextrasystolic 
Beat is Due to a Change in Intraventricular Conduction.—A disturb- 
anee of intraventricular conductivity may appear or become more pro- 
nounced if the diastole is too short and the recovery from the preceding 
systole is insufficient; this may happen with extrasystoles because the 
specific tissue conducts twice within a short time, and the postextra- 
systolic pause may be inadequate to permit full recovery. On the 
other hand, an intraventricular disturbance of conductivity may be 
diminished if a beat follows a longer diastole, which permits better re- 
covery. It is known experimentally and clinically that intraventricular 
conduction disturbances may cause marked changes in the T waves." 
However, it is the rule that, in such cases, some change in the form 
of the QRS complex appears (Fig. 6), even if this change consists 
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merely in the height of a single wave. Since in all the cases collected 
in this paper there were marked alterations in the final deflection with- 
out any change in the initial complex, one cannot attribute the phe- 
nomenon to abnormal intraventricular conduction of the first post- 
extrasystolice beat. 

2. The Abnormality in the Size and Shape of the Heart Due to the 
Increased Filling in the Long Postextrasystolic Diastole Is the Cause of 
the T-Wave Changes.—The augmented filling of the ventricles after an 
extrasystole, which is clearly visible under the fluoroscope and in the 
kymograph, causes enlargement of the heart, thereby increasing its area 
of contact with neighboring tissues of good conductivity. The extent 
of this contact influences the electrocardiogram markedly. For cur- 
rents of injury it has been established that prevention of direct contact 
between an injured area and the diaphragm abolishes the admixture of 
these currents to the electrocardiogram in the limb leads, and that the 
high take-off in the electrocardiogram reappears as soon as this contact 
is re-established.* 12 Changes in the T waves of normal persons which 
depend upon change in posture have also been explained as the re- 
sult of a difference in the contacts between the heart and the neigh- 
boring muscle mass.'*»'° Since, however, the T wave is registered dur- 
ing the height of the ventricular contraction, it may be assumed that 
the size and position of the heart at this period are the same for all 
beats, irrespective of the size of the organ during diastole, providing. the 
heart is normal and empties completely. Under abnormal conditions an 
incomplete systolic emptying of the heart is possible if cardiac filling 
in the postextrasystolic diastole is increased. Since the changes in the 
T waves described earlier usually appear when the heart is abnormal, 
this possibility cannot be completely discarded. 

3. The Changes in the T Wave Appear in Connection With an Altera- 
tion in the Force of the Systolic Contraction of the First Postextra- 
systolic Beat Caused by the Extrasystole—The postextrasystolic con- 
traction is stronger for two reasons: (a) the greater filling of the heart 
in the long postextrasystolic pause (discussed under heading 5); (b) 
the ‘‘strengthening’’ effect of the extra contraction on the following 
beat. Any single contraction which follows another after a short in- 
terval increases the height of the next systole.’ '* This strengthening 
effect becomes greater, as the interval between the two contractions 
becomes shorter. Woodworth has studied this effect on the perfused 
apex or base of the dog’s ventricle. It was confirmed by Rihl on the 
perfused heart, in situ, under more natural conditions. This phe- 
nomenon depends solely on the prematurity of the preceding beat; it 
may be found even if the postextrasystolic pause is equal to a normal 
period. It is not always present in experiments on the intact animal 
beeause other factors, like changes in ventricular filling, may interfere. 
Observations, similar to those in Figs. 3, 4, and 5, show, however, that 
changes in the length of diastole, but not premature contractions, are 
prerequisites for the alterations in ihe T waves. 
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4. The T-Wave Changes After Extrasystoles Might be Attributed to 
an Alteration in the Cardiac Blood Supply or Nutrition Caused by the 
Extrasystole.* ‘“—Alteration in the blood supply, or ‘‘nutrition,’’ as a 
consequence of the extrasystoles would not become manifest so quickly 
nor would it be limited to a single beat. The fact that the same 
changes in the T wave appeared also in arrhythmias without extra- 
systoles, moreover, militates against these explanations. 

5. The Changes in the T Waves are Connected With a Change in the 
Filling of the Heart.—This possibility was discussed, but discarded, by 
Kapff. Variations in filling must be assumed to exist in all conditions 
in which the changes in the T waves described in this paper appear. 
The stroke volume of the, postextrasystolie beat is increased approxi- 
mately by the amount of blood not moved by the extrasystole, that is, 
oceasionally by as much as 100 per cent. The stroke volume may also 
be doubled in heart block. Increased filling causes a stronger systole. 
Whether this, in turn, changes the T wave is a disputed question. <Ae- 
cording to Pardee, the form of the T wave seems to be influenced by 
the strength of the contraction; the T wave is larger in athletes and 
smaller after acute diseases. The different metabolic processes accom- 
panying alteration of contractility seem to be the most probable ex- 
planation for the changes in the T waves as deseribed. It is conceivable 
that changes in the strength of systole are unaccompanied by changes 
in the form of the T wave under normal conditions, but appear if the 
heart is in some way ‘‘damaged.’’ 

Although definite proof for any of these explanations is lacking, those 
mentioned under headings 7, 3, and 4 seem rather improbable. The 
observations described in this paper show that the postextrasystolic 
changes in the T waves do not depend on the preceding premature ven- 
tricular systole; they appear in connection with the preceding longer 
pause. 

Tracings similar to the second in Fig. 2, in which marked T-wave 
changes appeared even when the postextrasystolic pause was not longer 
than the other diastoles, speak against the importance of the length of 
the pause alone, without changes in the filling of the heart. 

Any change in the T wave of the first postextrasystolic beat in the 
direction of abnormality (lowering or inversion of the T waves in 
Leads I and II) seems to speak in favor of existing heart disease, be- 
cause such changes were found only three times in patients without 
organic heart disease, whereas the number of cases in which no changes 
in the T waves appear after extrasystoles or during auricular fibrilla- 
tion is very large. 

Almost every third patient reported in this study showed some 
change in the T wave of the postextrasystolic beat. This is certainly 
due to the fact that the number of patients with extrasystoles and a 
normal heart was small in the hospital material. It is noteworthy that, 
as far as we know, in cases with a marked respiratory arrhythmia, in 
which, sometimes, very pronounced changes in the length of the diastole 
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appear, T-wave changes have not been described as yet. Such hearts 
are usually healthy or not profoundly damaged. Moreover, these changes 
were not seen in many hundred eases of partial heart block observed 
personally; the two tracings in Fig. 5 were a rare exception. 

From the fact that marked changes in the T waves appear in some 
arrhythmias, depending exclusively on the length of the diastole, we 
may infer that, in some cases without arrhythmias, a change in the 
rate alone, without any intrinsic change in the heart, may cause altera- 
tions in the form of the T waves. 


CONCLUSIONS 


Alterations in the form of the T waves of the first postextrasystolic 
beat are described and analyzed. These changes are not rare. They 
are also found after blocked auricular extrasystoles and after long dias- 
toles in auricular fibrillation and heart block. 

Lowering or inversion of the T waves in Leads I and II after a long 
diastole seems to indicate the presence of myocardial damage. Changes 
in the form of the T waves in cases of myocardial damage may be due 
to a change in rate only. 

The mechanism leading to these alterations in the T waves has been 
analyzed; they seem to be chiefly connected with changes in the filling 
of the heart. 
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HE bundle branch block concept appears to have originated in 

the mind of Rothberger. In 1909, he and Eppinger' were investigat- 
ing the effect upon the electrocardiogram of local injury to the myo- 
cardium of the dog. They injected a silver nitrate solution into various 
localities of the heart wall and observed that, occasionally, even minute 
quantities produced immediate alteration in the ventricular curves and 
marked physiologic changes in the injured ventricle. When such 
changes took place, Rothberger suspected that the solution had entered 
one of the main branches of the His bundle and had produced bundle 
braneh block. 

Since two of us? have recently reported our inability to find a special 
muscular conducting bundle in either man or dog, we determined to 
analyze the information which has accumulated since the early observa- 
tions of Rothberger and Eppinger. Our purpose was to learn whether 
the available evidence justifies the belief that the so-called bundle branch 
block complexes, obtained from experimental animals and man, are 
really due to blocking lesions in the branches of a special conducting 
system. In this communication, we present our analysis and our con- 
clusions. 

Eppinger and Rothberger* (1910) planned experiments to verify the 
theory which developed from their previous observations. With 
specially constructed knives, they entered the cavities of both lower 
chambers of the canine heart and made transverse sections into the 
upper part of the interventricular septum on the right and left sides 
(Fig. 1, A), and considered that their incisions were successful when 
they were followed immediately by the broad ventricular complexes 
shown in Fig. 1, B and by a ‘‘nachhinken’’ (limping after) of the 
injured ventricle. When these two changes occurred, they believed 
that the right or the left braneh of the His bundle had been completely 
severed. However, they did not state how they were able to recognize 
the branches, nor how they could microscopically distinguish the 
branches from the neighboring muscle elements. They offered no con- 
trol observations to exclude the possibility that the electrocardiographic 
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and structural changes were the result of experimental mutilation or 
of the severing of adjacent muscle fascieuli. 

Independent of the Viennese investigators, Barker and Hirsehfelder* 
had, in 1909, published their results after severing the left bundle 
branch, but they concluded that the muscle bundles deseribed by Tawara 


had no special function. 
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Fig. 1.—The first experiment on bundle branch block. (Eppinger and Rothberger.) 
A, Incision of left septum. B, Resulting electrocardiogram—anoesophageal lead. 
Rothberger and Winterberg’® continued the experimental observa- 

tions on bundle branch block in the dog, while Eppinger and Stoerck® 

searched for cases of bundle branch block in man, for by this time 

Einthoven’s string galvanometer had been introduced into the elinie. 

Here, however, the three limb leads were employed, whereas Rothberger 

continued to rely on the anoesophageal lead. Sinee Lead III is some- 

what analogous to the experimental anoesophageal lead, the clinical 
observers sought the diphasic, widened QRS complex in Lead III, and 
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considered that the form of the complex in Lead III determined not 
only the presence or absence of bundle branch block, but also the loca- 
tion of the blocking lesion. , 

When the right bundle branch was eut, Eppinger and Rothberger 
had obtained a ventricular complex like that of a left ventricular extra- 
systole. When, therefore, Eppinger and Stoerck found widened com- 
plexes in which the main spike was inverted in Lead III, they suspected 
that the right bundle branch had been blocked, and, when the main de- 
flection was upright in the same lead, that the left had been interrupted. 
In two eases in which the complexes of right bundle branch block were 
traced (Fig. 2), necropsy was performed. In both, serial sections 
showed that the right branch was completely interrupted by fibrosis, 


in 


Fig. 2.—Right bundle branch block. (Eppinger and Stoerck.) 


whereas the left branch was normal. The authors did not state how 
they distinguished the bundle branches from the ordinary myocardium. 
In their eases of right bundle braneh block, Eppinger and Stoerek found 
the main ventricular deflection in Lead I directed oppositely to the 
main spike in Lead ITI. 
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This difference between the direction of the complexes in clinical 
and experimental bundle branch block disturbed Rothberger, who by 
this time was using Lead I as well as the anoesophageal lead in his 
experimental work on the dog. He and Winterberg found, after see- 
tioning one branch, that the main initial ventricular deflections had the 
same direction in both leads. Consequently, they suspected that the 
block was not complete in the cases reported by Eppinger and Stoerck. 
They, therefore, undertook to produce partial block by cutting the 
posterior limb, the anterior limb, and the apical twigs of the left branch, 
and also the twigs from the right branch—individually and in various 
combinations. By these procedures, they were able to modify the ven- 
tricular complexes. Since the observations of Rothberger and Winter- 
berg are startling, we give them in some detail. 

1. The authors present a detailed, gross description of the main right 
and left branches of the His bundle, ineluding their secondary 
branches. The illustrations, ‘‘drawings from nature,’’ clearly 
show the posterior and anterior subdivisions, as well as the apical 
twigs of the left bundle branch; they show twigs given off from 
the right branch in the neighborhood of the septal papillary mus- 
ele; they do not show the junction of the branches and the stem. 


2. They agree with Tawara that the bundle and its branches con- 
stitute a closed system. 


3. They report: 

a. When only the anterior limb of the left branch was severed, no 
constant changes occurred. When only the posterior limb was 
cut, the R became taller and the S more shallow in the ano- 
esophageal lead. 

b. When the left branch was intact, severing the right branch 
usually produced a left-sided extrasystole. 

e. The lengthening of the QRS interval, which always followed 
complete sectioning of the left braneh, was not always noted 
after complete sectioning of the right. 

d. When the right branch was sectioned after almost complete 
severing of the left, complete A-V dissociation did not occur. 
(In one experiment complete heart block occurred after a eut 
limited to the posterior limb.) 

e. When the left branch was severed, the complexes of left bundle 
branch block were obtained, even though the right branch had 
previously been cut. 

f. Marked changes in the ventricular curves were often observed 
when the bundle branches were intact. 

g. Complete experimental right or left bundle branch block pro- 
duced initial main deflections similarly directed in Lead I and 
in the anoesophageal lead. 

Rothberger and Winterberg do not state how they distinguished con- 
ducting tissue from that of the ordinary myocardium. They surmised 
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that, in the dog, as in man, not all of the pseudotendons contained 
Purkinje elements. They do not deseribe or show by illustration the 
junction of what they call the branehes of the His bundle and the 
main stem. Nor do they account satisfactorily for the convenient 
appearance of a ‘‘tertiary center’’ after severing the left branch in 
animals whose right branch had already been sectioned. 

While these studies were in progress in continental Europe, Lewis’ 
and his associates in London were investigating experimental and clini- 
eal bundle branch block. Using dogs and one monkey, Lewis repeated 
the branch sectioning experiments of Rothberger and his associates. 
He found, like Rothberger and Winterberg, that, in most dogs when 
the right or left branch was cut, the initial ventricular complexes had 
the same direction im all leads. To such deflections, Lewis applied the 
term concordant. However, in some dogs and in the monkey, the in- 
itial deflections pointed oppositely to one another in Leads I and III. 
Such curves he called discordant. Lewis thought that discordant curves 
were caused by the paucity of pseudotendons in the hearts which traced 
them. In 1915, Lewis presented to the Royal Society the observations 
which he and Rothschild* had made on the spread of the excitation 
wave in the mammalian heart. Because of masterly diction and clear 
illustrations, these lectures made a deep impression on physiologists 
and eardiologists (Fig. 3). 

From their observations, Lewis and Rothschild concluded that the 
cardiae impulse travels through the His bundle approximately at the 
rate of 3,000 to 4,000 mm. per second, through the Purkinje network at 
the rate of 1,500 to 2,000 mm. per second, and through the myocardium 
at the more leisurely rate of 300 to 500 mm. per second. They ex- 
plained the activation of the blocked ventricle as follows: the wave of 
excitation passes from the septal endocardium of the uninjured ven- 
tricle, through the septum, into the Purkinje network of the blocked 
ventricle, and thence into the ordinary myocardium. Only the emi- 
nence of Lewis and his masterly presentation ean explain the general 
acceptance of this amazing theory. 

We attempted, in vain, to bring to view a special conducting system 
in two eanine hearts, according to the direction of Lewis and Roths- 
child; Barker, Macleod, and Alexander’s® observations on the spread 
of the wave of excitation in mammals do not fully corroborate the find- 
ings of Lewis and Rothschild; Robb, et al.,"° '' found that the speed 
of the electrical impulse through the ventricular muscle was 2,375 + 128 
mm. per second, and also showed that Lewis, when he thought he had 
eut musele bands crosswise, had actually made his cut parallel to the 
fibers. It is, therefore, apparent that there is need for a reinvestiga- 
tion of the mode of activation of the mammalian ventricles. 

While Lewis’ experimental work was in progress, Carter’? was seareh- 
ing the records of the London hospitals for electrocardiograms indicat- 
ing bundle branch block. In 1914, he published a clinical study of 
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Fig. 3.—Drawings of canine ventricular conduction system, after staining with Best's 
alkaline carmine. (Lewis and Rothschild.) A, Right; B, Left. 
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twenty cases of right, and two eases of left, complete bundle branch 
block. The criteria he employed for the selection of his cases were the 
following : 


1. Presence of P summits. 

2. P-R interval frequently beyond 0.2 second. 

3. QRS interval exceeds 0.1 second, and, as a rule, constitutes more 

than one-third of the entire ventricular complex. 

Increased amplitude of initial deflection. 

T, usually in the direction opposite to that of the prominent in- 

itial deflection, may be upright or inverted. 

6. Initial deflection almost always shows notching in at least one 
lead; many bizarre forms seen. 

7. T frequently much exaggerated. 


The only evidence presented by Carter for the validity of his criteria 
was the microscopic observations in the two eases of Eppinger and 
Stoerck. However, the complexes in those eases do not show increased 
amplitude. It is not clear to us what other grounds Carter may have 
had for choosing his criteria, but it is apparent that he selected only 
cases in which there were curves thet simulated preponderance deflec- 
tions to represent complete right or left bundle branch block. 


In the year that Carter published his clinical observations on bundle 
branch block, Cohn and Lewis" reported their pathologie study of four 
eases of bundle branch block (from serial sections). In one ease, Cohn 
had difficulty tracing the right and left branches, but found a large 
amount of connective tissue involving the left branch. In another ease, 
he found no lesion in the branches. In the third case, the stem and 
the branches were normal. In the fourth ease, there were a slight in- 
crease of connective tissue in the stem and atrophy of fibrils in the left 
braneh. Cohn and Lewis, therefore, concluded ‘‘that the eardiae con- 
duction problem cannot be solved in the domain of pathologic anatomy.’’ 


From London, the interest in bundle branch block spread to the 
United States. Oppenheimer and Rothschild,'* in 1917, published a 
study of sixty-two cases of intraventricular conduction defects. These 
eases clearly showed what a small percentage (6.4) of such defects 
actually fulfill Carter’s criteria. Twenty-five of their patients had 
died; fourteen had come to necropsy. In eleven cases, microscopic 
serial sections were made, and, in eight of these, there was coronary 
arterial occlusion; in four, marked nodular sclerosis of the coronary 
arteries; and, in thirteen, marked patchy fibrosis of the myocardium, 
especially prominent in the endocardium and subendocardium of the 
left ventricle. From their observations, Oppenheimer and Rothschild 
concluded that atypical bundle branch block complexes were due to 
lesions involving the main branches of the His bundle, the twigs, and 
the Purkinje plexuses, and, therefore, named them arborization block. 
They stated that such complexes carried a poor prognosis. 
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The arborization block theory of Oppenheimer and Rothschild was 
accepted by some observers and rejected by others. For example, 
Carter’ (1918) reported a clinical study of thirteen cases of arboriza- 
tion block, with a histopathologic study of one; and Willius'® (1919) 
reported a clinical study of 138 cases of arborization block and also 
found that arborization block carried a poor prognosis. But Smith" 
doubted the arborization block explanation. From his own experi- 
ments with bundle branch block, he made the startling observation that 
severing a bundle branch was not in itself sufficient to produce a bundle 
branch block complex, and that such a complex was traced only after 
the injured ventricle had become dilated. Hence, Smith coneluded that 
two factors, severing the branch and fatigue, were necessary for the 
production of the bundle branch block complex. Wilson and Herr- 
mann'* 1" (1920, 1921), in an analytieal review and an experimental 
study of bundle branch block, concluded that the evidence presented by 
Oppenheimer and Rothschild did not sustain the arborization block 
theory. 

Wilson and Herrmann were able, first, to construct complexes which 
varied from the normal bioecardiogram to that of complete bundle branch 
block by combining Lewis’ theoretical dextro- and levocardiograms at 
varying intervals; second, to produce complexes varying between nor- 
mal and complete bundle branch block by making the usual incision 
into the right upper portion of the septum, and eliciting right extra- 
systoles by electrical shock at varying intervals; third, to produce the 
same variation in complexes by compressing the right septum and per- 
mitting the septal myocardium to recover. From these observations, 
Wilson and Herrmann concluded that the complexes which fulfill 
Carter’s criteria represent complete bundle branch block, and that the 
atypical complexes with prolonged QRS intervals are due to incom- 
plete bundle braneh block. 

Stenstroem,”’ in a series of communications (1922, 1924, and 1927), 
supported Wilson and Herrmann’s explanation of atypical bundle 
branch block, and presented evidence showing that electrocardiograms 
of transient bundle branch block and of varying forms of bundle branch 
block were the result of incomplete bundle braneh block. 

While the cited observations were being made, other studies had been 
published which threw doubt on the entire orthodox bundle branch 
block concept. Boden and Neukirch,”’ working with transfused human 
and animal hearts, cut away the right ventricle and found that the 
resulting electrocardiogram had the main initial spike downwardly di- 
rected; on removal of the left ventricle, the electrocardiogram traced 
by the right ventricle had its main deflection upwardly directed. They 
also rotated the heart on its longitudinal and anteroposterior axes, and 
discovered that the heart’s position profoundly affected the form and 
direction of the ventricular complex. Some years later, Meek and 
Wilson” fully corroborated Boden and Neukirch’s observations con- 
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cerning the effect of cardiae position on the ventricular curves of the 
electrocardiogram. In 1920, Fahr?* published an analysis of the human 
electrocardiogram from which it may be inferred that he questioned 
Lewis’ conception of the levo- and dextrocardiogram. Fahr concluded 
that Lewis’ statement concerning the rotation of the electrical axis in 
bundle branch block was also probably erroneous, and that the common 
type of bundle branch block was left, and the less common, right. In 
spite of these startling reports, the older concepts prevailed. Willius** 
(1929), in his Clinical Electrocardiograms, classified bundle branch 
block complexes as follows: 


I. Complete bundle branch block—the complexes which fulfill Car- 
ter’s criteria. 
a. Right bundle braneh bloeck—the common type. 
b. Left bundle branch block—the less common type. 

II. Incomplete bundle branch bloek-—the atypical ventricular com- 

plexes with a QRS interval of 0.1 second or more. 

The same year (1929), a patient with purulent pericarditis entered 
the University Hospital at Ann Arbor, Michigan. He was operated 
upon, and the wound, which remained open, exposed the anterior sur- 
faces of the right and left ventricles. The alert workers at the Heart 
Station of the hospital seized the opportunity to make electrocardio- 
graphie studies of the exposed heart. In a series of well-planned and 
well-executed experiments, they ascertained, first, the spread of the 
wave of excitation over the anterior surface of the heart; and, second, 
the form of the extrasystoles originating at the various points on the 
surface of the two ventricles. They used the technique of Lewis and 
Rothschild, and employed points analogous to theirs, from whieh they 
ascertained the time of arrival of the wave. The readings obtained by 
Lewis and Rothschild from points on the ventricular surface of the dog 
heart are consistent with Lewis’ theory of the spread of excitation in 
the ventricles, in that they show that the earliest point of arrival of the 
wave is on the anterior surface of the right ventricle just over the 
papillary muscle, and that it arrives later over the conus arteriosus 
and at points near the atrioventricular groove in the right and left 
ventricles. 

The readings obtained by Barker, Macleod, and Alexander from 
points g, b, a, and 7 (Fig. +) show that the earliest point of arrival of 
the wave of excitation is near the atrioventricular groove on the right 
ventricle and over the conus arteriosus, and that it arrives at an ap- 
preciably later time at the ‘‘earliest’’ point of Lewis. 

The Michigan investigators also found that concordant as well as dis- 
ecordant extrasystoles could be produced by stimulating both the right 
and left ventricles, and that, in Lead I, all of the chief initial deflee- 
tions from the right ventricle are upward, and all from the left ven- 
tricle, downward; in Lead III the ectopic beats produced by stimulat- 
ing the conus and the area adjacent to it in the left ventricle are up- 
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wardly directed, whereas those from the other exposed regions of the 
heart point downward. 

The factual observations made by Barker, Macleod, and Alexander® 
were soon verified by other investigators, including Marvin and Oughter- 
son?> and Lundy and Bacon.*® Kountz, Prinzmetal, Pearson, Koenig, 
and Smith? ** repeated the experiments of Barker, Macleod, and Alex- 
ander on transfused human hearts and on monkey hearts. Their ob- 
servations, too, support those of the Michigan workers. The St. Louis 
investigators, making the usual transverse cut into the upper part of 
the septum of four transfused human hearts, found that, when the cut 
was made on the left side, the complexes of the common form of bundle 
branch block were traced, and, when made on the right side, bundle 
branch block of the less common type developed. 


Fig. 4.—Time of arrival of wave of excitation in the human heart. (Barker, Macleod, 
and Alexander.) 

Furthermore, Wilson, Macleod, and Barker,?® in 1931, carefully re- 
examined the observations upon whieh Lewis had based his statement 
concerning the levo- and dextrocardiogram and the rotation of the elee- 
trical axis in bundle branch block, and arrived at the coneclucion that 
the basie data from which Lewis had made his determinations were 
probably erroneous. By using the second part of the initial ventricular 
complex instead of the first, as Lewis had done, they showed that the 
electrical axis swung from right to left in the common form of bundle 
branch block, so that the movement of the electrical axis was also con- 
sistent with the new theoretical site of the lesion in bundle branch 
block. Fenichel,*° a year later, published an elaborate and involved 
analysis of the electrocardiogram, and concluded that the electrical axis 
rotated in a manner consistent with the European view of bundle 
braneh block. Then, Robb, Easby, and Hiss," in a critical analysis of 
the methods employed in the determination of the electrical axis, stated 
that the basic assumptions employed in its determination were not 


sound. 
The meagerness of our own knowledge of the electrophysies of the 


heart precludes any attempt to evaluate these conflicting observations 
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and conclusions. Perhaps when cognizance is taken of the form of the 
distinct muscle bands of which the myocardium is composed, studies 
like the ones just cited will be more profitable to physiology and 
medicine. 

During this period, evidence had been accumulating from other sorts 
of experimentation which supported the American view that bundle 
branch block complexes of the common form were due to disturbances 
in the left rather than in the right ventricle. 

Eppinger and Rothberger had noted in their early experiments eon- 
cerning bundle branch block that the injured ventricle ‘‘limped after’’ 
the uninjured; and had been able to demonstrate a slight but detectable 
delay in the pulse wave coming from the injured ventricle. Other in- 
vestigators of experimental bundle braneh block had verified their 
observations. Wolferth and Margolies*' and Braun-Menéndez and 
Solari*? were able to demonstrate that in human eases there was a 
similar lag. Finally, by employing their serial precordial leads, Wil- 
son, Macleod, and Barker** were able to show that the wave of excita- 
tion appeared late over the left ventricle in the common form of bundle 
branch block and late over the contralateral ventricle in the rarer form. 

Thus, rather clear-cut evidence from various kinds of experimental 
approach strongly supports the view first expressed by Fahr that the 
common form of bundle branch block is due to a lesion on the left side 
of the septum. In spite of this evidence, Katz and Ackerman** as- 
serted that it is not safe to make a diagnosis of right- or left-sided 
bundle branch block from the form of the ventricular complex. They 
suggested the terms ‘‘common’’ and ‘‘less common’’ instead of left 
and right bundle branch block, basing their contention on the work of 
Boden and Neukireh, and of Meek and Wilson, which has already been 
reviewed, and on their own experiments on the dog, in which they 
were able to change one type of bundle branch block into the other 
by extreme rotation of the heart. 

Nathanson,** Lundy, Treiger, and Davison,*® and Kountz, Prinzmetal, 
and Smith?* also showed that the heart’s position in the thorax influ- 
enced not only the amplitude, but also the direction of the ventricular 
complex. Nichol,** who repeated the work of Katz and Ackerman, 
corroborated their findings, but observed that the extreme rotation re- 
quired for the change from one type of bundle branch block to the 
other was possible only under experimental conditions. He, therefore, 
concluded that in human eases of bundle branch block it was safe to 
designate bundle branch block complexes as either right or left. 

The new factual information concerning bundle branch block, se- 
cured mostly by American investigators in the last two decades, ren- 
dered the older classification of bundle branch block complexes inade- 
quate and obsolete. Further attempts were made, therefore, to classify 
bundle branch block complexes into more useful and more logical 
groups. Graybiel and Sprague** (1933) found 395 cases of defective 
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ventricular conduction among 16,000 electroecardiograms. These they 
arranged into four main groups: 
Group I. Left bundle branch block—common type (125 cases). 
a. Homophasie type—in which the initial and final ven- 
tricular deflection have the same direction (99 cases). 
b. Heterophasie type—in which the final deflection is 
directed oppositely to the main spike. 
Group II. Right bundle branch block—less common type (29 eases). 
Heterophasie only. 
Group III. Intermediary type (81 eases). 
QRS, slurred; QRS interval more than 0.1 second; T 
often, but not always, opposite to the main initial deflee- 
tion. QRS is often similarly directed in Leads I and III. 
The authors think these represent incomplete block. 
troup IV. Slight intraventricular block (160 cases). 
QRS, slurred and notched; QRS interval, normal or 
slightly prolonged; T, variable. The authors consider 
this group to represent a transitional or slight block. 


Graybiel and Sprague found the prognosis similar in all four groups; 
the average duration of life was one year and two months after dis- 
covery of the abnormal tracings. They concluded that the prognosis 
was not dependent upon the type of ventricular complex, but upon the 
general condition of the patient. 

By employing serial precordial leads, Wilson, Macleod, and Barker** 
discovered that, in all cases of prolonged QRS interval in which a wide 
S was present in Lead I, regardless of the depth of the S wave and of 
the amplitude and direction of the ventricular complexes in the other 
leads, the wave of excitation appeared late over the right side of the 
heart. They coneluded that bundle branch block complexes with a wide 
S, represent right bundle branch block. 

Bayley*® (1934) critically examined all the available cases in the 
University Hospital at Ann Arbor, Michigan, in which the QRS inter- 
val was 0.12 second or more, and the amplitude at least 0.5 em. in one 
lead. He thought such eases represented complete bundle branch block. 
Of the 173 eases examined, 103 were found to be complete left bundle 
braneh block, and 70, right bundle braneh block. Bayley divided the 
eases of right bundle branch block into four groups: 

Group: I. With characteristic curves of the less common type of 
bundle branch block (14 eases). 

Group II. Differing from Group I in that the amplitude of the R 

was greater than that of the S (23 eases). 

Group III. With a slender, deep spike in Lead IIT (28 eases). 

Group IV. With R absent in Lead IIT (5 cases). 

Bayley found that no single etiologic factor or any particular kind 
of heart disease was responsible in any of the four groups. 


‘ 
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In 1939, Freund and Sokolov*® reported an analysis of 210 cases of 
bundle branch block which they classified into four main groups: 


Group I. Common type—left bundle branch block. 
a. Homophasice—Graybiel and Sprague (10 eases). 
b. Heterophasice—Graybiel and Sprague (80 eases). 
Group II. Less common type—complete right bundle branch block. 
a. Bayley’s Group I (14 eases). 
b. Bayley’s Group IT (18 eases). . 
¢. Bayley’s Group IIT (21 eases). 
d. Bayley’s Group IV (6 eases). 
e. Wilson, Johnston, and Barker’s*' ‘“‘rare’’ type (5 
cases ). 

Group III. Bundle branch block without localization characteristics 

but with a QRS interval of 0.12 second or more (7 cases). 

Group IV. Arborization bloek—with a QRS interval of 0.1 second 

or more, notching of R, low voltage in all three leads, and 
absence of the typical diphasie curve; also, cases with a 
QRS interval of more than 0.12 second, without distin- 
guishing features (50 eases). 

Freund and Sokolov found that left bundle branch block of the 
homophasie type had the best life expeectaney (4.7 years). They also 
found that Group II (a and b) had the average life expectancy for 
the entire series, but that the survival period for Group IT (¢) was 
almost twice as long as that for any other type of right bundle branch 
block. In the three eases of the ‘‘rare type’’ of right bundle branch 
block, the condition of the patient was terminal when the electrocardio- 
gram was taken. The prognosis was the worst for the cases that they 
called arborization block (0.45 of a year). 

Finally, Willius,*? who has been interested in the clinical phases of 
bundle branch block for decades, with his collaborators, Reeser and 
Dry, simplified former classifications and recorded life expectancy ac- 
cording to their grouping. 

The Rochester investigators questioned the use of the terms ‘‘com- 
plete’’ and ‘‘inecomplete’’ as applied to bundle branch block, and, on 
the basis of Yater’s*® histopathologic study, concluded that the lesions 
in the common type of block occur on the left side, and those in the 
less common, on the right side. They arranged their cases into: 


I. Coneordant—the classic form, with the T directed oppositely 
to the main initial spike. 

II. Diseordant—the less classic form, with a QRS interval 0.1 ‘see- 
ond or more, variable amplitude, and the T directed similarly 
to the main initial deflection in Leads I and ITI. 

III. Bundle branch block of the wide S-wave pattern. 


Of the 1,611 cases studied, 756 were coneordant, of which 23 were 
right bundle branch block, and 733, left; 363 cases were discordant; 
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492 were of the wide S-wave type. The life expectancy of the thee types 
is graphically shown in Willius’ illustration. 

The classifications just listed do not appear to dispel the mist which 
surrounds the bundle branch block concept. Perhaps there is no log- 
ical basis for classifying cardiae disorders according to such electro- 
cardiographie patterns. However, there seems to be agreement among 
the various classifiers that the empiric criteria of Carter are no longer 
adequate. Most of his imposing list of essential characteristics have 
been dropped. The only criterion that remains is a prolonged QRS 
complex, but, even here, there is no agreement in regard to its length. 
Wilson’s assertion that complete bundle branch block is present when 
the QRS interval is 0.12 second or more is generally accepted, and the 
consensus among American investigators is that the common type of 
bundle braneh block complex represents left ventricular lag, and the 
less common, right. But European investigators do not consider the 
evidence brought forth in America as decisive. In fact, Rothberger 
and Goebel** state that the evidence presented by Barker, Macleod, and 
Alexander does not support their conclusion. And, since the whole 
bundle braneh block concept has an anatomic basis, Rothberger rightly 
holds that the location and extent of the blocking lesion, and that alone, 
should determine whether the block is right or left, complete or incom- 
plete. Sinee the orthodox conception of cardiae conduction, as well as 
the bundle branch block concept, is based upon anatomic assumptions, 
it follows that the whole bundle branch block concept is dependent 
upon the existence of a specific anatomic structure, the His-Tawara 
system, and upon the presence of demonstrable morbid changes in one 
or the other branch of the His bundle. 

Let us, therefore, next consider the evidence for these assumptions. 
The orthodox concept of cardiae conduction assumes that the myogenic 
atrioventricular bundle begins in dendrite-like muscle fasciculi lying 
among atrial muscle fibers. These gather the wave of excitation from 
the atrial muscle, and shunt it into a compact muscular bundle where the 
cardiac impulse is held insulated from the rest of the myocardium as 
it travels from behind the central fibrous body to the level of the septal 
papillary muscles. Here it bursts with explosive suddenness over the 
entire subendocardial ventricular musculature, whence it travels radially 
through the myocardium. The orthodox theory is based on the assump- 
tion that the myocardium is a syneytium. We wonder how anyone ean 
look at the myoeardium either microscopically or grossly and still retain 
this conception. To be sure, the branches of individual myocardial 
muscle cells intermingle with one another, but, from the very time in 
embryonie life that the muscle fibers are differentiated, the individual 
cell borders are distinet, and the fasciculi of muscle fibers within the 
myocardium are surrounded by connective tissue sheaths as distinct 
as those found in skeletal muscle (Fig. 5). Recently, the gross anatomy 
of the muscle bands which compose the myocardium of the ventricle 
has been meticulously described and profusely illustrated in the articles 
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published by Robb.* * The separate vascular supply, as well as 
the origin and insertion of the muscles revealed in the specimens 
prepared by Robb, needs but to be seen to be appreciated. These 
muscle bands have been seen for many centuries by the anatomists who 
have looked for them. They may be seen by anyone who will take the 
time to remove the visceral pericardium and do a careful dissection. 
As is clearly shown by the dissections of Robb (Fig. 6), the muscles 
of the ventricular myocardium have their origin and insertion in the 
fibrous ring which separates the atria from the ventricles. All the 
muscles with the exception of the deep bulbospiral are common to both 
ventricles, so that both ventricles function as one, a fact brought out 
by Harvey more than three hundred years ago. We? have already 


Fig. 5.—Heart muscle fasciculi showing interstitial connective tissue. 


shown that large numbers of ganglion cells are located in the atrio- 
ventricular groove near the origin of these muscles. Therefore, until 
it is demonstrated that these muscles are not activated by the nerve 
elements present at their origin, until it is shown that the wave of 
‘excitation does not travel along the muscle bands in the heart muscles 
as it does in the skeletal muscles, and until it is disproved that the 
contraction and relaxation of the muscles of the ventricles do not pro- 
ceed in the same efficient and purposeful manner as is the ease in the 
limb muscles, it seems illogical and unnecessary to assume that the 
activation of the ventricle should be wholly dependent upon a micro- 
seopie muscle fasciculus. 

It seems appropriate to sketch briefly the evolution of the anatomic 
basis of the modern concept of cardiae conduction. When, in 1883, 
Gaskell** noted that the tortoise ventricle continued to beat normally 
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after zigzag cuts in the adjoining auricular wall, he felt certain that 
he had destroyed all nerve pathways to the lower chamber, and re- 
juvenated the myogenic conception of impulse transmission to explain 
the synchronous contraction of the heart chambers. Around the open- 
ing of the atrioventricular valves, he found muscle fibers which were 
paler and more slender than the rest of the muscle elements, assumed 
that the paler ones were more embryonic than their fellows, and econ- 
eluded that impulse conduction was their special function. 


Fig. 6—A and B. Cardiac muscle bands. (Robb.) 


In 1893, Kent*’ reported that he had found in man and other mam- 
mals numerous muscle bridges between the atria and the ventricles in the 
atrioventricular groove; in the same year, His, Jr.,** stated that, after 
diligent search, he had discovered in man and other mammals a muscle 
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bundle originating in the atrial septum and extending into the left 
ventricle. But the illustrations of the bundle which accompany His’ 
communication bear little resemblance to subsequent pictures of the 
His bundle. 

In 1906, Tawara,*® a Japanese pupil of Aschoff, published his famous 
monograph on the cardiac conducting system in mammals. Tawara 
accurately described a part of the Purkinje system in ungulates, and 
noted that the main trunk and the branches of what we have called the 
Purkinje bundle were isolated from the rest of the myocardium by a 
connective tissue covering. Tawara saw with the naked eye a similar 
bundle in man and dog. 

In 1906, Keith and Flack®® reported that they had examined 130 
human hearts and stated: ‘‘In properly prepared hearts the bundle 
is big enough to be found and dissected out by knife and forceps alone.”’ 

In 1913, Tandler,*' another pupil of Aschoff, described and clearly 
pictured the His bundle in man. Since that time the His bundle has 
been seen and its gross appearance deseribed by Moenckeberg,*? 
Spalteholz,** Yater, et al.,°* and others. 

Similarly, the conducting system of the dog has been described as 
almost identical with that of man. Before 1925, all experimental in- 
vestigators of bundle branch block saw the branches of the His bundle 
through the semitransparent endoeardium in the dog. Lewis and Roths- 
child’ present remarkable drawings of the right and left branches of 
the His bundle and of the entire Purkinje system in the dog. In the 
latest edition of his book, Lewis® states that the branches of the His 
bundle can be seen through the endocardium of the dog, although he 
admits that the branches are not distinet. Rothberger and Winter- 
berg’s® ‘‘drawings from nature’’ show not only the main branches, but 
also the twigs of the right and left branches in the dog. 

In 1931, Mahaim®® published his monograph on the His-Tawara sys- 
tem. In it oceurs the astonishing statement that the His bundle in man 
is not visible to the naked eye, that it can be found and followed only 
by means of serial sections, and that every section of the series must be 
saved lest a braneh or a lesion be lost (Fig. 7). 

Thus, it appears that, like a new star, the His bundle could be readily 
seen for nearly three decades, after which it suddenly shrank to a 
magnitude not visible to the naked eye! For, from the time of 
Mahaim’s monograph until now, we have not encountered in the litera- 
ture any claim by experimental or clinical students of the conducting 
system that they have seen the His bundle or its branches, either in dog 
or in man, with the naked eye. 

Students of the anatomy of the system now stress that it must be 
located and studied by means of serial sections. Not all of them urge 
that each section of the series be studied, but they emphasize that great 
care and almost superhuman skill is required to study the normal His 
bundle and its histopathology. The descriptions of the histologie strue- 
ture of the His-Tawara system as given by Tawara, Moenckeberg, Lewis, 
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Yater, and Mahaim ean equally well be labeled descriptions of ordinary 
myocardial fibers; and the excellent drawing of the histologie structure 
of the left branch of the His bundle in Cohn and Trendelenburg’s*’ 
article, and the remarkably clear microphotographs of the bundle 
branches in Mahaim’s monograph (Fig. 7) are indistinguishable from 
those of the neighboring muscle fasciculi. None of the students of the 
particular muscle fasciculus which is called the His bundle mentions 
the obvious fact that there are literally hundreds of musele fasciculi 
in the ventricular subendocardium which can be followed with relative 
ease by means of serial sections. Such muscle fasciculi can also be 
separated from their fellows by careful dissection. 


Fig. 7.—The His-Tawara system. (Mahaim.) A, Schematic drawing. B, Microscopic 
structure—right branch. 

In the particular muscle fasciculi which have been thought to be the 
branches of the His bundle are to be found the blocking lesions which 
are assumed to be the direct cause of the bundle branch block complexes. 
We, therefore, logically pass to a review of the studies of the histo- 
pathology of the branches of the His bundle. 

In order to avoid confusion, the discussion will be limited to the 
histologic observations in the common form of bundle branch block. 
Those in the ease of the less common form are similar. It should be 
noted that the observations listed have been obtained from a study of 
serial sections, and that the individual worker who obtained the in- 
formation stressed the fact that the studies had been done with unusual 
eare. The relation of the blocking lesions which were found in eases 
of the common form of bundle branch block to the complexes traced 
by the living heart has been epitomized in Table I. It is clear that, in 
approximately one-fourth of the cases, no blocking lesions were found, 
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that in a little more than one-third of the cases the blocking lesions were 
found on the left side, and that in the remainder they were on the right 


side. 
TABLE I 


HISTOLOGIC OBSERVATIONS IN THE COMMON TYPE OF BUNDLE BRANCH BLOCK 


NUMBER 


RIGHT SIDE OF LEFT SIDE OF 
Eppinger and Stoerck 2 Blocking Lesions None 
Cohn and Lewis 4 No Blocking Lesion No Blocking Lesion 
Oppenheimer and Pardee 1 None Blocking Lesion 
Oppenheimer and Oppenheimer 3 None Blocking Lesion 
Oppenheimer and Oppenheimer 1 Slight Fibrosis Blocking Lesion 
Taussig 1 Blocking Lesion None 
Mahaim 7 Blocking Lesions Fibrosis 
Yater 3 Fibrosis Blocking Lesions 
Yater z No Blocking Lesion No Blocking Lesion 

Summation 23 10 Blocking Lesions 8 Blocking Lesions 
5 No Blocking 5 No Blocking 
Lesion Lesion 
CONCLUSIONS 
From the reviewed observations the following conclusions appear 
justifiable : 


1. The common type of bundle branch block complex represents left 
ventricular lag; the less common type represents lag of the right 
ventricle. The many attempts which have been made to group 
the complexes into logical classes are of secant practical value in 
the diagnosis and prognosis of cardiac disease. 

2. The evidence presented to prove the existence of a special con- 
ducting system is irrelevant and immaterial. 

3. The microscopic areas of fibrosis which have been found in the 
upper part of the interventricular septum in eases of bundle 
braneh block bear no causal relation to the grossly abnormal ven- 
tricular deflections that have a prolonged QRS interval because: 
a. Such lesions are absent in a considerable number of cases of 

bundle branch block. 

b. When small fibrous lesions are found in either right or left 
bundle branch block, they occur with about equal frequeney 
on both sides of the septum. 

4. It is, therefore, apparent that further search should be made for 
the cause of the grossly abnormal complexes which are now thought 
to indicate bundle branch block. 


‘*NACHHINKEN ”’ 


In their earliest experiment on bundle branch block, Eppinger and 
Rothberger observed that, while the wide diphasic ventricular complexes 
were being traced, the injured ventricle was dilated and ‘‘limped after’’ 


GLOMSET ET AL.: MORPHOLOGIC STUDY OF CARDIAC SYSTEM 367 


the contralateral ventricle. This ‘‘nachhinken’’ has been noted by 
practically all experimental observers of bundle branch block. More 
recently, such delayed activation of the ventricle has been demonstrated 
by Wilson, Macleod, and Barker,** Wolferth and Margolies,*!. and 
Braun-Menéndez and Solari*? in cases of human bundle branch block. 
It is, therefore, apparent that the so-called bundle branch block com- 
plexes may be the electrocardiographie manifestation of a ‘‘failing’’ 
right or left ventricle; if so, any factor or factors which can produce 
this unilateral lag may be responsible for bundle branch complexes. 

Many excellent studies of human bundle branch block have been 
reported: Carter,’ Oppenheimer and Rothschild,’* Willius,** Herrick 
and Smith,*® and Hill.’ There is striking uniformity in the elin- 
ical observations made by these investigators. It is apparent that 
human bundle branch block complexes are traced by sick hearts. (The 
bundle braneh block complexes with a short P—R interval are not in- 
cluded in this discussion because the nature of these is different from 
that of the others.) The factors which have erippled the hearts in 
eases of bundle branch block are identical with those which lead to 
eardiae failure, with or without these abnormal electrocardiograms. 
Thus, when bundle branch block complexes are obtained in the young, 
they are found in connection with congenital defects, hyperthyroidism, 
or infections of the heart; after the age of 40 years, they are associated, 
as a rule, with hypertension, coronary atherosclerosis, or a combination 
of these conditions. Therefore, it occurred to us that the same factors 
might bring about bundle branch block complexes whenever they pro- 
duce failure in one ventricle while the other is relatively normal. Out 
of these considerations grew the following working hypothesis: 


Bundle branch block complexes are caused by: 


a. abnormal unilateral strain. 

b. unilateral ventricular coronary insufficiency. 

ec. a combination of (a) and (b). 

In our next communication we shall present the evidence that we 
have obtained pertinent to this hypothesis. 
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STUDIES ON UNIPOLAR LEADS 
IV. THe Errects or DIGITALis 


EMANUEL GOLDBERGER, M.D. 
New York, N. Y. 


INTRODUCTION 


OR the past three years we have been conducting studies on the 
use and application of unipolar leads, particularly augmented, uni- 
polar, extremity leads (aV- leads). In several previous publications, 
the principles and patterns of these leads have been described,” * as 
well as characteristic patterns with myocardial infarction when stand- 


ard leads are normal.® * 

We felt that this advantage of aV- leads in detecting minimal elec- 
trocardiographie changes might be put to further use in the study of 
other factors affecting the electrocardiogram. 

In this paper, our observations on the effects of digitalis on aug- 
mented unipolar extremity leads and on unipolar precordial leads are 


deseribed. 
MATERIAL AND METHOD 


Although we have on file unipolar records of over 3,000 patients, of 
whom 500 had been digitalized, for this study we selected and observed 
21 cases, both before and after digitalization. Of this group, five had 
normal hearts, four had rheumatie heart disease, six had hypertensive 
cardiovascular disease, three had abnormal electrocardiographic pat- 
terns without a history of heart disease (cases of severe secondary 
anemia due to duodenal ulceration), and three were convalescing from 
recent attacks of myocardial infarction. The acute attack in each of 
these cases had occurred approximately five weeks previously. None 
of these patients had ever received digitalis. 

Routine digitalization was produced with tablets of powdered Digi- 
talis purpurea in the following way: 6 grains were given every eight 
hours for three doses, then 3 grains a day for four days. 

Electrocardiograms were taken a few hours before digitalization and 
five days later. In all these cases there was a previous electrocardiogram 
taken before the start of the experiments. Comparison of this with 
the control electrocardiogram showed, in all cases, no change. 

Seven leads were taken. First, the three standard leads. Then, us- 
ing the author’s indifferent electrode of zero potential,t aV- leads! and 
a unipolar precordial lead, V,, with the electrode at the fifth intercostal 
space in the midelavicular line, were taken."\* All records were taken 
with the patients recumbent. 

In this study we were not interested in the effects of minimal doses 
of digitalis on the electrocardiogram. 


Received for publication Aug. 25, 1943. 
From the Department of Medicine, Lincoln Hospital, New York, Dr. Leander 
H. Shearer, Director. 


370 


GOLDBERGER: STUDIES ON UNIPOLAR LEADS 371 


RESULTS 


A. Unipolar Extremity Leads: 

1. P Wave and P-R Interval—No characteristic changes in the size 
and shape of the P wave were noted. The P-R interval was, for the 
most part, not affected by the amount of digitalis used. Occasionally 
a lengthening of the P-R interval was noted. 

2. QRS Interval—No change in the duration of the QRS interval 
was noted. 

3. Amplitude of the QRS Complex.—There was no constant pattern 
of change in the amplitude of the QRS complex; in one lead the ampli- 
tude might be larger, and, in another, smaller than before digitalis ad- 
ministration. However, since the amplitude of QRS in unipolar ex- 
tremity leads varies directly with the electrical axis of the body,? we 
thought it might be interesting to ascertain whether there was any shift 
of the electrical axis. We therefore caleulated the changes in the elee- 
trical axis of the heart directly from the aV- leads.* 

In this series of cases, the average change in angle a was +5°. In five 
of our records, no appreciable change was noted. In one case, there was 
a change of —5°. Changes as high as +15° C. were observed in four 
records. 

4. The Q-T Interval.—In ascertaining the effect of digitalis on the 
Q-T interval, recourse was made to the formula of Fredericia,® namely, 
Q-T = 8.22 *\/R-R,* in which the Q-T interval is described as a funce- 
tion of the ventricular rate. 

The Q-T values were calculated as follows: First, the theoretical 
value was caleulated by Fredericia’s formula. This was compared to 
the actual value, read directly from the electrocardiogram. The rela- 
tion of the actual to the theoretical Q-T value was then expressed as a 
percentage. This procedure was carried out with the records taken 
both before and after digitalization. This permits comparison of the 
two percentages. In Table I, these values are given for the cases illus- 
trated. 

Without exception, the Q-T interval was shortened, proportionately, 
more than could be expected from any change in ventricular rate. In 
fact, since slowing of the rate was the usual occurrence, lengthening 
of the Q-T interval would have been expected from the formula. 

5. The RS-T Segment and the T Wave.—After the administration of 
digitalis, the RS-T segment and the T wave of the aV- leads always 
tend to deviate in the direction opposite to that which T originally had, 
irrespective of the characteristics of the electrocardiogram. Generally, 
this is also in the direction opposite to that of the main ventricular 
complex. 

The following is a description of these changes in more detail in a 
typical case (Fig. 1): If T is originally (+), the RS-T segment, begin- 


*The Q-T and R-R intervals are expressed in terms of hundredths of a second. 
Thus, 0.36 second is expressed 36. 
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TABLE 
THE Q-T INTERVAL BEFORE AND AFTER DIGITALIZATION* 
ACTUAL a PERCENTAGE 
CASE Q-T VENTRICULAR sReRAYAL, OF FORMULA 
NUMBER INTERVAL RATE (SEC.) Q-T = 8.22 8V R-R 

(SEC. ) ‘ (%) 
700 before wae SS .64 97.3 
after .28 75 SO 79.1 
741 before .38 68 88 107.2 
after 36 60 .88 94.7 
702 before 42 55 1.04 108.6 
after 36 59 1.01 94.1 
706 before 36 60 1.00 109.1 
after By), 60 1.00 96.7 
721 before 42 75 .80 119.0 
after 2 75 .80 90.3 
740 before 36 60 1.00 94.6 
after oe 65 92 75.3 
749 before 75 101.1 
after 78 .76 97.7 


*For details see text. 


ning slightly below the isoelectric line, slants obliquely in a (—) diree- 
tion and fuses with T, which has completely changed its own direction 
and is now also (—). There is then an abrupt rise to the isoelectric 
line. If T is (—), the reverse conditions hold. 

These changes may or may not be apparent in all three aV- leads. 
Furthermore, the RS-T slope is often not so oblique, and may have a 
gentle curve downward (Fig. 4, aVf lead), or a gentle upeurve (Fig. 
7, aVf lead). When minimal changes are present, the only evidence 
may be a decrease in the amplitude of T. This occurs irrespective of 
whether T had originally been (+) or (—) (Fig. 5, aVf Lead; Fig. 2, 
aV1 lead). 

As was just mentioned, these changes were found in the electrocardio- 
grams of both normal and abnormal hearts, except that, in our three 
eases of recent myocardial infarction, the changes were minimal and 
consisted for the most part of slight diminution of the T wave. In 
one case there was a reversal of T. 

When the changes in the aV- leads are compared with those in the 
standard leads, the results are very interesting. 

In Case 702 (Fig. 3), the standard leads showed a diminution of 
the T wave, whereas the aV- leads not only showed this, but, in the 
aV1 lead, there was complete reversal of the direction of T, which be- 
came (+) after being deeply (-). 

In Case 706 (Fig. 4), again, there was only a slight decrease in the 
amplitude of T in Leads I and II, whereas, in the aVf lead, T became 
(—) instead of (+). 

In Case 740 (Fig. 6), the patterns of left ventricular preponderance 
showed but little evidence of any digitalis effect, whereas, in the aVf 
lead, T changed from (+) to (-). 
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Fig. 2. 


Fig. 3. 


4. 


Fig. 5. 


Fig. 2.—Case 748, female, 43 years of age, rheumatic heart disease, mitral insuffi- 
ciency and stenosis. 

Fig. 3.—Case 702, male, 33 years of age, bleeding duodenal ulcer, secondary 
anemia. 

Fig. 4.—Case 706, male, 51 years of age, normal. 

Fig. 5.—Case 721, male, 50 years of age, bleeding duodenal ulcer, secondary 
anemia. 
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Fig. 6. 


Fig. 7. 
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Also, in Case 749 (Fig. 7), another example of left ventricular pre- 
ponderance, the T of the aVf lead showed a very definite change from 
(—) to (+) polarity, although the standard leads before and after digi- 
talization were quite similar. 

B. Unipolar Precordial Leads: The P wave, P-R interval, QRS 
interval, and Q-T interval were the same as in aV- leads. 


avi aVr Va I II III 


Fig. 6.—Case 740, female, 47 years of age, hypertension. 
Fig. 7.—Case 749, female, 63 years of age, hypertension. 


1. Amplitude of the QRS Complez.—No characteristic change in the 
amplitude of QRS in the precordial leads was noted. In many of the 
records there was a slight decrease. 

2. The RS-T Segment and T Wave.—In precordial leads, digitalis al- 
ways causes the RS-T segment and T wave to move in a downward 
(negative) direction. If the RS-T and T are originally directed down- 
ward, as in cases of ventricular preponderance, the only effect is that 
the angle at which the RS-T segment becomes (—) is made more acute 
(Figs. 6 and 7). When T is upright, the changes are very similar to 
those in the aV- leads with an upright T. A slight effect consists merely 
in a decrease of the amplitude of T (Fig. 3), whereas, with maximal 
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effect, the RS-T segment, beginning below the isoelectric line, runs 
obliquely downward, fuses with the (—) T, and sharply rises to the 
isoelectric line (Fig. 1). The slope of the RS-T may be straight (Fig. 
1), or may have a gentle downward curve (Fig. 2). 

3. The U Wave.—The U wave, usually not conspicuous, was present 
in the precordial leads in seven of our eases. The effect of digitalis 
on the U wave was as follows: in three there was no change, in two, 
there was a slight diminution in the amplitude of U, and, in two eases, 
U beeame (—) instead of (+) (Fig. 5). 


DISCUSSION 


Our results compare favorably, in so far as they can be compared, 
with those reported in the literature for the standard and ordinary 
precordial leads. There have been conflicting reports concerning the 
effect of digitalis on the amplitude of the QRS in standard leads.* * 
Our data, showing that there is a change in the electrical axis, probably 
explain this. 

The decrease in the Q-T interval is generally regarded as a manifesta- 
tion of digitalization,® although this, too, has been questioned,® and 
inversion of T and the depression of the RS-T segment were described 
many years ago.’ 

With respect to the effects of digitalis on precordial leads, although 
varied changes have been deseribed, such as raising or lowering of the 
RS-T segment and increased or decreased T waves,'? our results are 
similar to those currently aeceepted.'* 

CONCLUSIONS 

We find that the effects of digitalis on the unipolar leads of the 
electrocardiogram are quite constant, and occur irrespective of the 
nature of the ecardiae condition or of the previous electrocardiographie 
pattern. 

In augmented unipolar extremity leads (aV- leads), both the RS-T 
segment and the T wave tend to deviate in a direction opposite to that 
in which T was previously directed. Thus, if T had been (+), the 
direction of deviation is (—), and vice versa. When this is marked, 
RS-T moves obliquely downward or upward, as the case may be, fuses 
with T, and then abruptly runs to the isoelectric line. Along with these 
changes, there may be an increase in the P-R interval, a decreased Q-T 
interval, and a slight shift in the electrical axis of the heart, usually in 
a clockwise direction. Minimal T changes consist in merely a decrease 
in amplitude. 

It was also observed that, in cases in which the standard leads 
showed only ineonstant or no changes, in one or more of the aV- leads 
a characteristic and definite reversal of direction of T was observed. 
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In unipolar precordial leads the changes were similar, but the direc- 
tion of deviation was always in a (—) downward direction. A decrease 
in the amplitude of U may also be observed, and also a reversal of its 


polarity. 
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THE EFFECT OF CHRONIC CORONARY SINUS OCCLUSION ON 
THE VASCULARITY OF THE DOG’S MYOCARDIUM 


Victor LorsBer, M.D., AND ALBERT J. GREENBERG, M.D. 
MINNEAPOLIS, MINN. 


N THE search for effective therapeutic measures against coronary 

disease, attention has turned in recent years to surgical procedures 
aimed at providing the heart with an additional blood supply from 
extracardiae sources. 

In 1935, Gross and Blum' demonstrated by an injection and roentgen- 
ographie technique that occlusion of the coronary sinus produced an 
augmentation of the intrinsic arterial vascular bed. In dogs with pre- 
vious coronary sinus occlusion, the incidence of infarction after liga- 
tion of the left anterior descending coronary artery was reduced. 

Gross, Blum, and Silverman,? in subsequent experiments, found that 
the mortality after ligation of the left anterior descending coronary 
artery was reduced by previous partial coronary sinus occlusion, but not 
by total sinus occlusion. The size and frequency of infarction was 
reported to be diminished, and the arterial vascular bed enlarged, in 
hearts with partial sinus occlusion. , 

Electrocardiographie observations made after sinus occlusion yielded 
transient abnormalities which were ascribed by Gross and his co-workers® 
to myocardial ischemia due to venous congestion. The dilatation and 
cyanotic appearance of the left ventricle after obturation of the coronary 
sinus is in consonance with this view. 

The experiments to be described were undertaken in order to ascer- 
tain whether or not the augmentation in the coronary arterial bed which 
has been noted within a period of several weeks after coronary sinus 
occlusion persists over a period of years. 


METHODS 


Adult mongrel dogs were anesthetized by giving nembutal intraperi- 
toneally (25 mg. per kilogram). The surgical approach to the sinus 
was essentially that employed by Gross and his co-workers.” * Pro- 
caine solution, applied to the surface of the heart as described by 
Mautz,° eliminated cardiac irregularities produced by manipulation. A 
method of sinus closure was used which, it was hoped, would be grad- 
ual and progressive, and circumvent the effects of complete and sudden 
ligation. Although it was subsequently shown by Beck® that the high 
mortality after complete coronary sinus ligation in normal dogs ob- 
served by Gross? need not occur, this gives no assurance that a heart 
already impaired by coronary disease could survive the immediate dele- 
terious effects of acute venous stasis. 

From the Department of Physiology, University of Minnesota, Minneapolis, 


Minnesota. 
Received for publication Sept. 3, 1943. 
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Accordingly, the coronary sinus was picked up gently in an Allis 
forceps at a point about 1 cm. from its entrance into the right atrium. 
A second Allis was then placed as completely around the sinus as pos- 
sible. A small, e-shaped, metal clip, about 4g inch in width, and large 
enough in circumference to fit around the sinus and perisinus fat, was 
grasped in a Kocher’s forceps and slipped around the vessel just at the 
side of the Allis forceps near the entrance of the sinus into the right 
atrium. The ends of the clip were serrated to prevent slipping. After 
being placed around the coronary sinus, the clip was compressed until 
the sinus beyond the clip just began to bulge. The pericardium and 
chest were then closed. 


Ringer's 
mixture 


Syringe 


if 7 


Mercury 
manometer 


-Heart 


Injection mass Water bath 


Fig. 1. 


Six animals were prepared in this fashion. One died of a wound 
infection on the seventh postoperative day, and one of distemper on the 
twelfth day after operation. The cther four survived, and were in 
good health when sacrificed three years later. The simplicity of the 
procedure is indicated by the absence of mortality due to the operation 
itself in the first six animals so treated. 

After a period of three years, the animals were anesthetized with 
ether, and the hearts were excised widely in order to leave the atria in- 
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tact, and then injected, dissected, and roentgenographed in a manner 
essentially similar to that deseribed by Schlesinger,’ except for the injee- 
tion. In the method used, the injection mass was introduced via the 
aorta, rather than the coronary arteries, for this was found to be simpler 
and more dependable; the right coronary artery frequently arises by 
multiple ostia, and is difficult to cannulate in the dog. 

The aorta was cannulated under saline, care being taken to prevent 
the entrance of air into the system. The coronary arteries were then 
flushed with warm Ringer’s fluid to remove the blood. After this, the 
heart was suspended in a saline bath at 45° C., the tube from the 
Ringer’s fluid reservoir was clamped, and a side arm leading to the 
flask containing the injection mass was opened. The injection mass 
was then introduced as indicated in Fig. 1, in which a diagram of the 
method of injection is presented. A pressure of 150 mm. Hg was main- 
tained during the injection and for a period of several minutes after 
the mass had ceased to move forward. Then the short segment of rub- 
ber tubing just above the aortic cannula was clamped and disconnected 
from the system, and, while pressure was still being maintained in the 
aorta, the heart was placed in the icebox until the injection mass had 
set. The procedure from this point forward was carried out as indi- 
cated.’ 

Nine control hearts were prepared in addition to the four experi- 
mentals. 

Besides the roentgenograms, microscopic sections were made from the 
left ventricles of the control and experimental hearts, and the coronary 
sinuses in the experimental hearts were carefully dissected. 


RESULTS 


Of the four experimental hearts, only one showed a completely oe- 
eluded sinus. The degree of closure was estimated at 30, 50, and 90 
per cent in the other three hearts. In those with 30 and 50 per cent 
occlusion, the clips had not bent symmetrically on compression, and 
therefore did not completely surround the sinus. Although they oecu- 
pied approximately the same position with relation to the vessel, there 
was an obvious difference in the degree of occlusion; this was probably 
accounted for by the difference in the material from which the clips 
were made. That on the more patent sinus had been made of silver, 
whereas all the others had been fashioned by cutting stainless skin 
clips down to size and bending them appropriately. This latter material 
apparently called forth a more marked connective tissue reaction than 
did the silver. 

Thus, fortuitously, a series ranging from slight to complete closure 
of the coronary sinus was obtained. Examination of the roentgenograms 
of the injected specimens in no case showed augmentation of the arterial 
bed when compared with the controls. (In making the comparison, the 
number of small vessels visualized served as the criterion.) Indeed, 
the experimental specimens, as a group, appeared definitely less vas- 
eular than the controls, as a group, although there were less vascular 
hearts in the control group with which those which showed only partial 
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sinus occlusion compared favorably. This was not true, however, of the 
specimen with complete sinus occlusion, in which the least vascularity 
was demonstrated. 


Fig. 2. 


Within the experimental series itself, the vascularity appeared to 
vary inversely with the degree of obturation of the coronary sinus. A\l- 
though the method, as a quantitative measure of the coronary bed, 
leaves much to be desired, and although it cannot be said with certainty 
that the differences here noted are not due to some unrecognized sys- 
tematic discrepancy, there can be no doubt that so considerable an aug- 
mentation of the coronary arterial bed as that demonstrated by Gross, 
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et al.,»? after recent coronary sinus occlusion could not have been 
missed by this procedure, and certainly did not exist in these specimens. 

Reproductions of the roentgenograms of the four experimental hearts 
and three of the controls are presented in Figs. 2 and 3. Observations 
on the experimental hearts are summarized in Table I. 


TABLE I 
HEART DEGREE OF SINUS ROENTGENOGRAPHIC RELATIVE DENSITY 
uUMSER OCCLUSION APPEARANCE OF OF THE VASCULAR 
: (%) VASCULAR BED BED* 
1 50 Comparable to less vascular +++ 
control hearts 
2 90 Comparable to less vascular ++ 
control hearts 
3 30 Comparable to moderately ++++ 
vascular control hearts 
+ 100 Not as vascular as the least a 


vascular control heart 


*As compared to the other experimental hearts. 


Fig. 3. 


It may be observed that all the hearts shown in the figures (and this 
is true of all the specimens studied) are of the type with a predominant 
left coronary artery, previously described by Schlesinger* as typical in 
the dog. 

Finally, it should be stated that careful study of the microscopic 
sections made from the control and experimental hearts showed no 


demonstrable differences. 
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DISCUSSION 

Reports made available since the present study was undertaken 
lend some support to the observations just described. Gregg and his 
co-workers” ? 1" have shown that the backflow from a ligated coronary 
artery peripheral to the point of ligation is considerably above the nor- 
mal if the coronary sinus is ligated simultaneously. However, retro- 
grade flow is only slightly increased if coronary sinus ligation is ear- 
ried out thirty days prior to arterial occlusion. Sinus occlusion, how- 
ever, was found to influence favorably the mortality from arterial ocelu- 
sion. 

Beck® also found a definite decrease in the mortality rate after 
coronary artery occlusion if the coronary sinus is also ligated. He 
reported, however, that the beneficial effect of venous ligation is least 
when vein and artery are closed at the same operation, that it is greatest 
when carried out six weeks prior to ligation of the artery, and de- 
creases again when a longer interval (four months) elapses between 
the two procedures. Beck, unlike Gross, et al.," ? always found infarcts 
after arterial occlusion, but judged them to be smaller in size when 
sinus ligation had been done previously. 

Obviously, before coronary sinus closure ean be finally evaluated as 
a protective measure against arterial occlusion, the mortality, induced 
by the latter procedure when it is carried out one or more years after 
the former, must be ascertained. 

The observations recorded to date lend slight support to the sug- 
gestion that coronary sinus occlusion might be of value as a therapeutic 
procedure in coronary disease by permanently inereasing the basic 
vascular bed. 

SUMMARY 


Dog hearts, after three years of graded coronary sinus occlusion, 
varying from slight to complete closure, did not exhibit the augmenta- 
tion of the coronary arterial bed which has been demonstrated by others 
within a period of days to weeks after obturation of this vessel. On 
the contrary, myocardial vascularity appeared reduced, if anything, 
as a result of this procedure. 
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PERICARDITIS ASSOCIATED WITH PRIMARY 
ATYPICAL PNEUMONIA 


LIEUTENANT Davin FINKELSTEIN, M.C., AND 
CapraIn Max J. KLAINer, M.C., ARMy oF THE UNITED STATES 


SURVEY of the admissions to the cardiovascular section of the 

Schick General Hospital has revealed a small group of eases of 
pericarditis which did not conform with any accepted etiologic classifica- 
tion. Upon reviewing these cases, it was found that all the patients had 
a concomitant or antecedent primary atypical pneumonia. A survey 
of the available literature revealed reports of isolated cases of peri- 
carditis after upper respiratory infections,'* but failed to disclose any 
report of pericarditis associated with primary atypical pneumonia. It 
was thought, therefore, that it would be of interest to report three such 
eases which have been under our observatien. 


CLINICAL COURSE 


These three patients were men, and ranged in age from 19 to 27 years. 
Each illness began with an upper respiratory infection, characterized 
essentially by fever, sore throat, cough, and a variable degree of ex- 
pectoration. Within a few days, when these patients appeared to have 
fully recovered, they suddenly developed an exacerbation of their symp- 
toms, associated with pain in the anterior part of the chest which was 
aggravated by deep inspiration. In two of the cases, teleoroentgeno- 
grams taken at this time showed areas of pneumonitis interpreted as 
primary atypical pneumonia. The clinica] course of the third patient 
was similar, but definite roentgenologie evidence of pneumonitis did 
not appear until six weeks later, although prominent hilar shadows 
and increased bronchovaseular markings were present throughout this 
period. Roentgenologic evidence of pneumonitis persisted from twenty- 
seven to ninety-eight days. In all the cases, at some time during the 
course of the pneumonia, clinical signs of pulmonary disease, consisting 
primarily of moist rales over the involved areas, were detectable. As 
has been noted previously in primary atypical pneumonia,* the roent- 
genologie evidence of pneumonitis was more extensive than was suspected 
from clinical examination. At the onset of the pneumonitis a leuco- 
eytosis ranging from 15,000 to 18,000 was present in all three cases. The 
differential count was not remarkable. Blood cultures and typing of the 
sputum for pneumococci were negative in all the cases. Throat cultures 
failed to reveal any specific bacterial organisms. Urinalyses and Kahn 
tests were consistently negative. Sedimentation rates were not ascer- 
tained at this time. 
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The interval between the onset of the upper respiratory infection and 
appearance of the pericarditis ranged from seven to forty-one days. The 
pericarditis was ushered in by an increase in the pulse rate in all cases 
from a previous level of 75 to 90 per minute to a range of 100 to 130 
per minute, accompanied by a rise in temperature of 1.5° to 2° F. The 
respirations showed little change. In two eases a pericardial friction rub 
was audible at the onset; in one ease the friction rub was audible for 
two days, and in the second case it was present for seven days. Typical 
electrocardiographie changes of acute pericarditis appeared simultane- 
ously. In the other case no pericardial rub was detected and the diag- 
nosis was made only by serial electrocardiograms. In the two cases in 
which a friction rub was audible, pain was present in the left anterior 
part of the chest, and, in one, this was associated with pain in the 
left shoulder. There was no significant alteration in the blood pressure 
during the course of the pericarditis. The clinical appearance of the 
patients during the period of pericarditis was variable. Two patients 
became apprehensive as the result of consciousness of a rapid heart rate. 
The remaining patient (J. H. B.) was more acutely ill and toxie. At 
no time were any of the patients in a critical condition. 

The leucocytosis, which was present at the time of the pneumonitis, 
had begun to subside. With the onset of pericarditis, the leucocyte 
count inereased from an average of 12,000 to 15,500. In two of the 
three cases, the sedimentation index was increased during the course of 
the pericarditis. At the onset of the pericarditis, the electrocardiogram 
in two of the three cases showed R-T elevations in the limb leads and 
Lead IV F which were consistent with the acute stage. In the third 
ease no tracing was taken during the acute phase. The duration of this 
period varied from seven to fifteen days. In all three cases, the sub- 
acute pattern was present, which was characterized by T-wave inversion 
in some or all of the standard leads and Lead IV F. This subacute 
stage lasted from thirty-four to sixty-eight days. In all the eases, with 
the healing of the pericarditis, the R-T segments became isoelectric 
and the T waves, upright. Serial roentgenograms of the heart revealed 
enlargement of the cardiae silhouette in only one case. This amounted 
to 14 per cent, and it disappeared in twenty-seven days. 


CASE REPORTS 


Case 1.—H. A. H.. aged 19 years. The family and past history were 
noneontributory. On February 21, 1948, the patient was hospitalized 
with a sore throat, headache, cough, and chilliness. On admission his 
temperature was 102°, his pulse rate was 120, and the respiratory rate 
was 24. The pharyngeal structures were deeply injected. The re- 
mainder of the physical examination was not remarkable. He appeared 
to improve, but Feb. 27, 1943, he developed fever, pain in the chest, and 
cough, and roentgenologic studies at this time revealed patchy infiltra- 
tion in the lower anterior part of the left upper lobe; this was inter- 
preted as primary atypical pneumonia (Fig. 1). The leucocyte count 
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at this time was 14,000. Within three days the patient improved and 
became afebrile. On March 1, 19438, the patient again complained of 
pain in the left anterior part of the chest, and developed a temperature 
of 102.6° and a pulse rate of 110. <A pericardial friction rub was 
audible at this time and persisted for two days. The temperature be- 
came normal in forty-eight hours. The leucocyte count rose to 16,350; 
the differential count was not remarkable. The electrocardiogram on 
March 1, 19438, revealed R-T elevation diagnostic of the acute stage of 
pericarditis (Fig. 2). This persisted until March 16, 1943, when the 
subacute stage, characterized by T-wave inversion in Leads I and IV F, 
appeared. The electrocardiogram returned to normal on April 19, 
1943, giving a total duration of fifty days of graphic evidence of peri- 
carditis. Roentgenologic evidence of the pneumonitis persisted until 
June 5, 1943, or a total of ninety-eight days. The sedimentation rate 
was elevated until May 20, 1948. Sputum examination for pneumo- 
cocci, throat cultures for specific bacterial organisms, and blood cultures 
were negative. 


Fig. 1.—Case of H.A.H. A, Roentgenogram taken Feb. 28, 1943, illustrating infil- 
tration of the left hilum and the lower portion of the left upper lobe. 8B, Roent- 
genogram taken March 16, 1943, illustrating further spread of the pneumonitis. C, 


Roentgenogram taken June 5, 1943, illustrating complete resolution of the pneu- 


monic process. 


noncontributory. On Feb. 10, 1948, this patient developed an upper 
respiratory infection. His symptoms persisted, and hospitalization was 
necessary on March 9, 1943. On admission his temperature was 104.2°, 
his pulse rate, 120, and his respiratory rate, 26. Except for injection of 
the pharynx, the physical examination was negative. A roentgenogram 
of the chest revealed patchy areas of pneumonitis in both lower lobes, 
more marked on the left; this was diagnosed as primary atypical pneu- 
monia (Fig. 3). The leucocyte count was 18,300, with a normal dif- 
ferential. The patient appeared to improve, and, by March 18, 1943, 
he was afebrile and,the leucocyte count had fallen to 11,650. On 
March 23, 1943, the pulse rate increased from a previous level of 90 
to 120. Within twenty-four hours it rose to 140, and there was an 
associated rise in temperature from 98.6° to 100°. At the same time 
the patient complained of weakness and palpitation. He remained 


Case 2.—P. E. J., aged 27 years. The family and past history were 
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febrile for four days. An electrocardiogram, taken March 30, 1943, 
showed inversion of the T waves in the standard leads and Lead IV F 
which was compatible with the diagnosis of pericarditis in the subacute 
stage (Fig. 4). The leucocyte count during this period rose to 15,650, 
and the sedimentation index was increased. Electrocardiograms were 
taken at frequent intervals, and did not become normal until June 7, 
1943, making a total of sixty-eight days of electrocardiographie evidence 
of pericarditis. At no time during the illness was a pericardial fric- 
tion rub audible. Roentgenologic evidence of pneumonitis persisted for 
twenty-seven days. Sputum examination for pneumococci, throat cul- 
tures for specific bacterial organisms. and blood cultures were negative. 


A. B. 


Fig. 3.—Case of P.E.J. A, Roentgenogram taken March 22, 1943, illustrating 
areas of pneumonitis in both lower lobes, more marked on the left. B, Roent- 
genogram taken in April, 1943, illustrating complete resolution of the pneumonic 
process. 


Case 3.—J. H. B., aged 27 years. The family and past history were 
noncontributory. On April 5, 1948, the patient was hospitalized because 
of mumps. One week later, while his symptoms and signs were sub- 
siding, he developed cough, with expectoration of mucus, associated 
with a sharp rise in temperature to 102°. The pulse rate was 100 and 
the respiratory rate was 22. Physical examination was negative except 
for an injected pharynx. The leucocyte count at this time was 13,850. 
On April 19, 1943, he complained of severe substernal pain aggravated 
by deep inspiration and accompanied by pain in the left shoulder. At 
this time a pericardial friction rub was audible and persisted for one 
week. The temperature rose from a previous level of 101° to 103.8°, and 
the pulse rate increased from 65 to 105. The leucocyte count rose to 
16,450, and the sedimentation index was normal. The electrocardiogram 
on April 20, 1943, revealed R-T elevation in Leads I, II, III, and IV F 
which was consistent with the acute stage of pericarditis (Fig. 5). A 
chest roentgenogram did not show any definite evidence of pneumonitis 
at this time. The electrocardiogram showed abnormalities characteristic 
of pericarditis until July 6, 1943, making a total duration of seventy- 
nine days for the period of pericarditis. Frequent roentgenograms of 
the chest were taken, and, although the hilar markings showed increased 
prominence, definite pneumonitis was not apparent until June 6, 1943 
(Fig. 6). Roentgenologic evidence of pneumonitis persisted until 
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Aug. 5, 1943, or a total of sixty days. Sputum examinations for pneu- 
mocoeci, throat cultures for specific bacterial organisms, and blood eul- 
tures were negative. 


Fig. 6.—Case of J.H.B. A, Roentgenogram taken April 20, 1943, illustrating in- 
creased bronchovascular markings in the right hilar area. B, Roentgenogram taken 
June 12, 1943, illustrating pneumonitis in the hilar region and the periphery of the 
right lung. 

DISCUSSION 

It is thus apparent that pericarditis may occur in association with 
primary, atypical pneumonia. Clinically these patients present a 
paucity of symptoms and signs, and the diagnosis depends in large 
measure on changes in the electrocardiogram. <A _ pericardial friction 
rub, which is diagnostic, may be present but may not be detected un- 
less the patient is seen and examined at very frequent intervals. It is 
probable that additional cases would be uncovered if serial eleectro- 
eardiograms were taken in all eases of primary atypical pneumonia. 
This condition should be suspected if, during the course of the pneu- 
monia, there is an unexplainable rise in temperature, associated with 
tachyeardia, or if the patient is running an unduly protracted course. 

It is probable that the etiologic agent responsible for the atypical 
primary pneumonia is also the cause of the associated pericarditis. 
Throat cultures, sputum examinations and typing, and blood cultures 
did not reveal any specific bacterial organisms. Studies were carried 
out at the Army Medical Museum on blood samples from these patients 
to ascertain whether the virus of psittacosis, Q fever, or lymphocytic 
choriomeningitis was present. The results were negative. The presence 
of a pericardial friction rub in two of these cases and the absence of 
clinical or roentgenologie evidence of pericardial effusion suggest that 
the pericarditis was fibrinous in nature. Although in one ease the 
eardiae silhouette, as visualized roentgenographically, did inerease in 
size, its configuration and the symptoms and signs did not suggest peri- 


eardial effusion. 
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Pericarditis is usually secondary to other diseases, particularly pul- 
monary and eardiae diseases.» The pericardium may become involved 
either by direct extension, by lymphatic or hematogenous spread, or by 
chemical alterations of the blood. In this group of eases, the roent- 
genograms of the chest consistently revealed increased bronchovascular 
markings in the hilar region, radiating to the periphery. Furthermore, 
the pneumonitis developed on the side in which the bronchovascular 
markings were increased. In the absence of positive blood cultures and 
chemical alteration of the blood, it appears that the pericardium became 
involved secondarily, either by direct extension or by lymphatic spread. 
All of these patients recovered fully, and, at the time of discharge, there 
was no clinical, roentgenologic, or electrocardiographie evidence of peri- 
cardial disease. Not enough time has elapsed to definitely exclude peri- 
cardial adhesions as a complication. 

Although the problem of different diagnosis was not difficult in these 
cases, it is conceivable that at times it would be difficult to rule out 
rheumatic pericarditis. This is particularly true of rheumatic peri- 
carditis which develops in complete absence of migratory polyarthritis, 
follows an upper respiratory infection, and is accompanied by signs of 
pneumonitis. In contrast to the reported cases, the patients with rheu- 
matie pericarditis are more acutely ill, the pneumonitis is evanescent, 
both clinically and roentgenologically,® and a cardiac murmur is usually 
present. The electrocardiographic changes caused by the pericarditis 
may be similar in the two diseases, but with rheumatic pericarditis 
there may be associated alterations in the P waves, prolongation of the 
P-R interval, and disturbances of rhythm. Patients with rheumatic 
pericarditis have a more protracted course and require a longer period 
of rest in bed. Not infrequently they develop permanent endocardial 
lesions. In one of our eases a harsh systolic murmur developed at the 
base of the heart during the course of the pericarditis. During con- 
valescence, however, this murmur became less intense and ultimately 
disappeared. None of our patients developed valvular heart disease. 
Other types of pericarditis associated with pulmonary disease, such as 
tuberculous and pyogenic pericarditis, usually do not present any diffi- 
eulty in differential diagnosis. 

All of these patients received short courses of sulfonamide therapy 
without any apparent benefit. Treatment otherwise was entirely sym- 
tomatic, and the disease appeared to run its own course. Rest in bed was 
maintained until the sedimentation rate and leucocyte count became 
normal, complete resolution took place in the lungs, and the electro- 
eardiogram returned to normal. 


SUMMARY 


1. Three cases of pericarditis associated with primary atypical pneu- 
monia are presented. 
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2. The diagnosis can be made either by the presence of a pericardial 
friction rub or, more commonly, by typical electrocardiographie changes. 
It should be suspected if, during the course of the pneumonia, an unex- 
plainable rise in temperature, associated with tachycardia, develops, or 
if the illness is running an unduly protracted course. 

3. The cause of the pericarditis has not been established, but is prob- 
ably identical with that of the primary atypicai pneumonia. 

4. Prognosis as to life is good, and, at the end of the hospital stay, 
no evidence of pericardial disease could be demonstrated. 
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Clinical Reports 


COR BIATRIATUM TRILOCULARE 
Case REPORT 


MarGarRet M. Guenpy, M.D., Masor R. Earte Guenpy, M.C., ARMY OF 
THE UNITED STATES, AND Pau. D. Wuirte, M.D. 
Boston, Mass. 


OMPLETE absence of the ventricular septum, resulting in the three- 
chambered heart, is a rare cardiac anomaly. In Abbott’s' statistical 
analysis of 1,000 cases of congenital cardiac disease, thirteen cases are 
reported in which cor-biatriatum triloculare is classified as the primary 
lesion. In fourteen additional cases, it was found complicating other 
defects, making the total incidence 2.7 per cent of all that particular 
series of congenital cardiac abnormalities. The present case report con- 
cerns this unusual anomaly occuring as a primary defect. 


CASE REPORT 


A 9-year-old white boy was admitted to the Massachusetts General 
Hospital Jan. 26, 1933, because of ‘‘heart trouble.’’ His birth was re- 
ported as spontaneous at term, and there was no cyanosis. He had 
always been slightly underweight, but was not a sickly child. He had 
mumps at the age of 4 years, and measles at 5 years. Both were mild. 
He had had few sore throats, although his tonsils were said to be en- 
larged by the school physician. There had been no joint pains or nose- 
bleeds, but he had complained of pain in the calves of his legs that 
awakened him at night. There was a history of nightmares from which 
he awakened screaming. His family history was not remarkable except 
that his father gave a history of rheumatic fever at the age of 16 years, 
without recurrences. 

Two years before entry, a school physician had informed his family 
that he had heart disease. His mother attempted to limit his activity, 
but without much success. There was no history of cyanosis on effort 
or on ordinary exposure to cold, but he did get quite blue when in 
swimming, even for a short time. He puffed a little more than his 
siblings when climbing stairs, but had always been very active. He 
raced and played football and baseball about as well as his playmates. 
Three weeks before admission, he had a dry cough and diarrhea, and 
became dyspneiec even in a sitting position. There was no swelling of the 
legs, face, ankles, or hands. His urine was reported as dark, reddish- 
brown in color for a period of several days, and then appeared cloudy 
for about one week. On the day of admission. he complained of pain 
in the right ankle. There was no swelling or redness. His local physi- 
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cian put him to bed because his heart was enlarged. He had taken 
tincture of digitalis for nearly three weeks. 


Physical examination showed a very ill, pallid boy with shadows and 
slight puffiness under the eyes and a fine perspiration over the whole 
body. - He had a frequent, hacking cough. The tonsils were moderately 
enlarged and slightly red, and small cervieal lymph nodes were palpable 
bilaterally. The chest showed marked deformity. There was a bulging 
asymmetry, with protrusion of the ribs at the costochondral junction 
on the left, which seemed wider than on the right. There was some 
flaring of the ribs. A visible, diffuse, heaving impulse was present over 
the whole left side of the chest, part of the right side of the chest, and 
in the epigastrium. The left border of cardiae dullness in the fifth 
intercostal space measured 7144 em. from the midline, constituting 
definite cardiac enlargement, and the right border of dullness was also 
definitely increased. A loud, systolie murmur was heard over the entire 
precordium and also in the back, but maximally at the cardiac apex. A 
mid-diastolie murmur was also heard at the apex. An ineconstant ‘‘frie- 
tion rub’’ was heard in the fourth intercostal space about 4 em. to the 
left of midsternum. The heart rhythm was regular except for an ocea- 
sional premature beat. The blood pressure measured 86/68. There 
was some fullness of the neck vessels. Examination of the lungs re- 
vealed some dullness at the left base, behind the heart, in which location 
a few suberepitant rales were heard. Larger, moist rales were heard 
over both bases posteriorly. The liver was palpable four fingerbreadths 
below the costal margin, and was slightly tender. The spleen was not 
felt. There were no rheumatic nodules. There was no clubbing of the 
fingers and little, if any, cyanosis. At the time of admission, the tem- 
perature was 99.6° F., the pulse rate, 130, and the respiratory rate, 40. 


The laboratory findings were as follows: The initial leucocyte count 
was 17,650, with 76 per cent polymorphonuclears. The hemoglobin 
measured 80 per cent (Tallquist). The urine at the time of admission 
contained many erythrocytes and occasionally leucocytes, but no erythro- 
eytes were found in subsequent specimens. No casts were seen. One 
blood eulture was reported negative. A roentgenogram of the chest, 
taken on the second hospital day, was reported as follows: ‘‘All 
measurements of the heart are greatly increased. The heart is rounded 
in shape and there is extreme prominence of the left auricle in both 
the antero-posterior and oblique views. The hilus shadows show marked 
inerease in density, particularly on the right, extending well out into 
the lung fields. The periphery of the lung fields is clear. The appear- 
ance is consistent with rheumatic heart disease with multiple valve 
lesions and chronie passive congestion of the lungs. Also consistent with 
congenital heart disease.’’ (See Fig. 1, 4). Ten days later a second 
roentgenogram was reported as showing no change. However, careful 
serutiny does reveal abnormalities of diagnostic importance (Fig. 1, B). 
The electrocardiogram four days after admission showed sinoauricular 
tachyeardia, a pulse rate of 120, increased voltage, a P-R interval of 
0.18 second (somewhat increased for his age), definitely prolonged 
QRS complexes consistent with intraventricular block, and slight right 
axis deviation (Fig. 2). No further tracings were made. 

Clinical Course——The temperature remained elevated on the day of 
admission and rose to 103.8° F. The following day the variation was 
from 97° to 102° F., and thereafter it varied between 97 and 100.5° F. 
Treatment consisted of 15 to 30 grains of aspirin daily and supportive 
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measures. For three weeks he showed some improvement. However, 
orthopnea continued and he found greatest comfort with a high back 
4 rest and his knees drawn up. The friction rub heard at the time of 
admission disappeared. On the seventeenth hospital day, he developed 
a severe coughing spell and grew more pallid, and, on examination, the 
heart was found to have increased in size. The leucocyte count at this 
. time was 15,500, and later rose to 28,000 on the thirty-third hospital 
day. He became gradually worse and began to vomit much of his food. 
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Fig. 2.—Electrocardiogram taken on fifth hospital day. Note sinoauricular tachy- 
cardia, pulse rate, 120, slightly prolonged P-R interval (0.18 second), and definite 
prolongation of intraventricular conduction time (0.12 second), also increased ampli- 
tude of QRS complexes... The tendency is to right axis deviation. 


Morphine was necessary to induce sleep. The heart appeared to enlarge 
to such an extent that pericardial effusion was suspected, and, on the 
thirty-six hospital day, a tap was attempted, but only dark blood was 
obtained. He died the following morning, March 4, 1933. There was 
only slight terminal cyanosis. A final roentgenogram of his chest on 
the day before he died was reported as showing little change except for 
some evidence of pulmonary atelectasis or fluid at the left base (Fig. 
1,C). A clinical diagnosis of acute and chronic rheumatic heart disease, 
with acute cardiac dilatation and failure, was made. 
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PERTINENT AUTOPSY OBSERVATIONS 


Autopsy revealed a well-developed and well-nourished boy of 9 years, 
weighing about 70 pounds. who showed a bulging precordium with four 
puncture marks in the skin. The liver was enlarged, and lay entirely 
below the costal margin. The two halves of the diaphragm were at the 
eighth rib. There was partial collapse of both lungs, but no pneumonia 
was seen. The pericardium was filled with 750 ¢.c. of unclotted blood. 
The heart was estimated to weigh about 600 grams. At the apex of the 
heart, on its anterior surface, two small puncture wounds were seen, 


~Rudimentary L.V. 
& Septum 


Fig. 3.—Schematic drawing of heart, laid open, showing large, common (right) 
ventricle and small rudimentary left ventricle. Note relatively small, coarctated aorta 
and large dilated pulmonary artery. M.V.—mitral valve, 7.V.—tricuspid valve, R.A. 
—right auricle, J.V.C.—inferior vena cava, F.0.—foramen ovale (patent), L.A.—left 
auricle, S.V.C.—superior vena cava, P.A.—pulmonary artery. R.P. A.—right pul- 
monary artery, L.P.A.—left pulmonary artery, J.A.—innominate artery, L.S.A.—left 
subclavian artery. 


around which there was a small amount of fibrin and hemorrhage into 
the muscle. Two other puncture wounds were found in the region of 
the right auricular appendage, covered by a recent, adherent, greyish- 
red, ante-mortem thrombus. The heart was very large, and the ven- 
tricular wall measured 22 mm. in thickness. The superior and inferior 
venae cavae entered the right auricle in normal fashion, and a patent 
foramen ovale, 1 cm. in diameter, was present. The left auricle received 
the pulmonary veins normally. There was one large ventricular cavity, 
with a very small outpocketing which doubtless represented the rudi- 
mentary left ventricle or bulbus. From the large ventricular cavity 
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the aorta arose at the anterior upper left margin. The base of the aorta 
formed the definite bulb just mentioned. This bulb was seen to be made 
up of a small chamber about 3 em. in diameter, partially separated by 
a ridge of tissue (rudimentary septum) from the large, essentially com- 
mon ventricle (Fig. 3). The aorta measured 2 em. in diameter at its 
site of origin. The relationship of the pulmonary artery to the aorta 
was that which would be present in a normal heart if it failed to rotate 
to the left. The valves were not opened and measured, but, on inspee- 
tion, all but the mitral valve seemed smooth and competent. The mitral 
valve was thickened along its free border, but no vegetations were 
present. The coronary arteries were normal in origin. The diameter of 
the dilated pulmonary artery was several times that of the aorta. Just 
past the site of origin of the left subclavian artery, the aorta was slightly 
to moderately coarctated, and measured 8 mm. in diameter at this point. 
Also at this point, the aorta appeared to take an angular bend, and be- 
came the descending aorta, measuring 1.8 em. in diameter. The ductus 
arteriosus left a small dimple in both the pulmonary artery and the 
aorta. It measured 8 mm. in diameter, and, on cut section, a pin-point 
lumen remained. The anatomie diagnoses were as follows: Cor 
biatriatum triloculare, with rudimentary left ventricle; cardiac hyper- 
trophy and dilatation; congestive heart failure; patent foramen ovale; 
slight coarctation of the aorta; puncture wounds of the heart ; hemoperi- 
eardium ; and pulmonary congestion and atelectasis. 


DISCUSSION 

The clinical features of this case are unusual. Congenital cardio- 
vascular defects with this degree of venoarterial communication are, 
with few exceptions, attended by at least a moderate degree of cyanosis, 
which was not clearly present in this patient even in his final illness. 
The fact that physical disability among congenital cardiacs may be 
more or less directly proportional to the degree of ¢yanosis most prob- 
ably explains the history concerning his physical activity. Nevertheless, 
despite the benign early history, he survived only by one year, or so, 
the mean age (734 years), as given by Abbott! in thirteen cases of this 
malady. 

Consideration of the pathologic anatomy suggests an explanation for 
the absence of cyanosis. First, the location of the aorta was such that 
the arterial blood returning via the mitral valve doubtless formed a 
barrier against too great admixture with venous blood returning via 
the tricuspid valve, as is apparently the case in the three-chambered 
turtle’s heart. If this assumption is correct, the blood leaving the 
heart through the aorta must have been very predominantly arterial. 
Secondly, the great size of the pulmonary artery, as compared to the 
aorta, served the process of oxygenation of the blood well until dilatation 
and failure of the heart made this no longer possible. The part played 
by coarctation of the aorta in bringing about the final break is problemat- 
ical; it does not seem likely that it was of any real importance. No 
blood pressure readings were made prior to his hospital entry, and those 
made after admission did not suggest coarctation. Also, no character- 
istie notching of the ribs was seen in the chest roentgenograms. 
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Each observer who saw this patient concurred in the diagnosis of 
rheumatic heart disease with mitral involvement, and interpreted the 
febrile illness as an active rheumatie infection, which indeed it may have 
been, although no microscopic evidence of this was found in the myo- 
eardium. The presumably acquired heart disease discovered at the age 
of 7 years, the joint pain, fever, leucocytosis, enlarged heart, murmurs. 
precordial friction rub, and later the apparently enlarging cardiac 
silhouette, suggesting pericardial effusion, altogether favored this con- 
clusion. In reviewing the available objective clinical evidence there are 
two important indications of congenital heart disease that were over- 
looked, namely, the delay in intraventricular conduction time, and 
extensive excursions of the QRS waves, as shown by the electrocardio- 
gram (Fig. 2), and the definitely abnormal supracardiae (aortic) shadow 
in the roentgenogram (Fig. 1). The reasons for both were at once ap- 
parent at the post-mortem table. There was no septum to carry the 
bundle branches in a normal fashion, and the aorta was hypoplastic 
and abnormally situated. In view of our present knowledge, the apical 
systolic and diastolic murmurs were most likely produced by a dilated 
(insufficient), relatively stenotic, mitral ring opening into a markedly 
dilated ventricular cavity. It is unlikely that the loud, widely trans- 
mitted systolic murmur arose from the site of slight coarctation in the 
aorta. The unfortunate result of the attempted pericardial taps re-em- 
phasizes the difficulty that sometimes attends the differential diagnosis 
of pericardial effusion and ecardiae dilatation, and illustrates the possible 
danger of paracentesis in this region. Whatever pericardial effusion 
may have been present was obscured at autopsy by the extensive hemo- 
pericardium. 

SUMMARY 


A ease of three-chambered heart (cor biatriatum triloculare), with a 
tiny, rudimentary left ventricular pocket, attended by slight coarctation 
of the aorta in a boy aged 9 years is reported. The unusual clinical 
features, namely, absence of cyanosis and relatively good cardiac reserve 
until shortly before death, are diseussed. The congenital abnormalities 
were complicated by a terminal infection (? rheumatic) and rapid 
dilatation and failure of the heart. The clinical diagnosis of chronic 
rheumatie heart disease, with mitral involvement was incorrect. 
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Green, H. D., Lewis, R. N., Nickerson, N. D., and Heller, A. L.: Blood Flow, 
Peripheral Resistance, and Vascular Tonus, With Observations on the Relation- 
ship Between Blood Flow and Cutaneous Temperature. Am. J. Physiol. 141: 
518, 1944. 


Vascular tonus is defined as the active contraction of the muscular walls of the 
small blood vessels and is considered to be influenced, physiologically, by vaso- 
motor nerve impulses, humoral substances, and metabolic products. The summated 
effects of the first two are defined as the vasomotor activity. Changes in vascular 
lumen in response to altered intraluminal pressure, per se, are considered to be a 
physical reaction and not to represent a change in vascular tonus. 

The relationship between vasomotor activity, peripheral resistance, blood flow, 
and subcutaneous temperature was studied by recording either the arterial inflow 
or the venous outflow at a series of perfusion pressures in various vascular beds 
in the hind limbs of anesthetized dogs. These studies were made during control 
states, during periods of increased vasomotor activity occurring spontaneously 
and induced by small hemorrhages, and during periods of decreased vasomotor 
activity induced by sectioning the sciatic nerve. Average blood flow, at mean 
arterial pressure, was 6.9 ml. per 100 Gm. of muscle. In the combined skin and 
muscle of the lower half of the hind extremity, the average flow was 3.2 ml. per 
100 grams of extremity, and, in the skin of the latter, the average flow was 1.6 ml. 
per 100 grams of extremity. 

Only experiments in which the hematocrit reading and viscosity of the blood 
remained within +4 to —6 per cent of the control values and in which collateral 
circulation artifacts were avoided were analyzed. During a constant state of 
vasomotor activity the increments of blood flow per increment of perfusion pres- 
sure in skin and often in muscle increased regularly from zero upward when flow 
was measured immediately after establishment of the perfusion pressure. The 
relationship between perfusion pressure and flow in these experiments could be 


P 
represented by the equation F = @: where 7 has values between 1 and 5, usually 


about 2. This relationship appears to be explainable on a purely physical basis. 
When the rate of flow was measured one to two minutes after establishment of 
the perfusion pressure in muscle and in the whole distal part of the extremity, the 
flows at pressure below mean arterial pressure appeared to be relatively greater 
than they would be on the basis of a purely physical relationship between pressure 
and flow. This was probably due to a vasodilatation induced locally by the ac- 
cumulation of metabolic products as a result of the slowed flow at low perfusion 
pressures, but might also be due to a lowering of the extravascular pressure. The 
result was a sigmoid rather than a parabolic shaped curve relating perfusion 
pressure and flow. 

In all experiments, increase of vasomotor activity decreased the rate of flow 
at each perfusion pressure. In those experiments in which the data fitted the 


equation F a increase of vasomotor activity increased the magnitude of the 


constant C and of the exponent n. 
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Peripheral resistance, physically, is the ratio of the perfusion pressure to the 
flow through the vascular bed. The term PRU is proposed as a unit of peripheral 
_ 1mm.Hg 
~ 1 ml./min. * 
altered when the perfusion pressure was raised or lowered, even when vasomotor 
activity remained constant. Conversely, change of vasomotor activity was not, 
in all cases, correctly indicated by an appropriate alteration of peripheral resistance. 

Various methods of expressing change of vasomotor activity were discussed. 
It was concluded that the only completely satisfactory method is to compare the 
plot relating pressure to flow over the complete range of pressures from zero to 
mean aortic pressure in a control period, with a similar plot obtained in the ex- 
perimental period. However, this method is laborious, and it is difficult to depict 
the progressive changes in these plots with time. As a compromise the next most 
satisfactory method appears to be to determine, during a control period, the rela- 
tionship between pressure and flow over the entire range of flows anticipated dur- 
ing the subsequent experimental period, and thereafter to make only single deter- 
minations of pressure and flow, usually ai a perfusion pressure equal to the ex- 
isting mean aortic pressure. The results may then be expressed in terms of the 
ratio of the peripheral resistance (or perfusion pressure) in the experimental 
period to the peripheral resistance (or perfusion pressure) observed during the 
control period at the same rate of flow. 


resistance, where 1 PRU Peripheral resistance was found to be 


AUTHORS. 


Corcoran, A. C., Taylor, R. D., and Page, I. H.: Immediate Effects on Renal Func- 
tion of the Onset of Shock Due to Partially Occluding Limb Tourniquets. Ann. 
Surg. 118: 871, 1943. 


The depression of renal function during the onset of shock due to partially 
occluding tourniquets is due to a decrease of renal blood flow, which is only in a 
minor and inconstant measure the result of decreased arterial pressure. 

This decrease of renal blood flow is due, almost wholly, to increased renal vas- 
cular resistance, in which increased blood viscosity enters only in a small degree; 
the increased resistance being rather due to vasoconstriction, predominantly af- 
fecting the glomerular efferent arterioles. 

Although nervous stimulation, presumably as the result of pain, causes a small 
measure of this vasoconstriction, the larger fraction is independent of the renal 
nerves and, by exclusion, of humoral origin. 

This humorally-arising renal vasoconstriction is associated with the appearance 
of a vasoconstrictor substance in plasma, to the activity of which it is therefore 


attributed. 
AUTHORS. 


McMichael, J., and Sharpey-Schafer, E. P.: Cardiac Output in Man by a Direct 
Fick Method. Brit. Heart J. 6: 33, 1944. 


Serial estimations of cardiac output and right auricular pressure can be made 
by means of a ureteric catheter passed along the veins into the right auricle. 

Normal resting values for arteriovenous oxygen differences were rather lower 
than those obtained previously by the acetylene method. 

Cardiae output in the supine posture showed a 33 per cent increase over that 
in the erect. 

A fall in right auricular pressure reduced, and a rise in right auricular pressure 
increased, the cardiac output. 

Acceleration of the heart with atropine usually increased cardiac output and 
caused a fall in right auricular pressure. Occasionally the fall in right auricular 
pressure may operate against an increase in cardiac output. 
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Intravenous adrenalin, in doses that did not accelerate the heart or raise the 
blood pressure increased cardiac output. 
Normal subjects with high resting outputs had faster heart rates than the 


others. 
AUTHORS. 


Dawson, G. D., and Jones, A. M.: Synchronous Heart Sound Recordings. Brit. 
Heart J. 6: 48, 1944. 


A method of synchronous heart sound recording is described in which the stand- 
ard Cossor-Robertson cardiograph is modified by introducing a second channel, 
using the Clothier electronic switch. 

Synchronization of the tracings is automatie and requires no adjustment. 

The alteration to the commercial instrument is simple and does not affect its 


use as a simple portable cardiograph. 
AUTHORS. 


Stern, V. S.: Stokes-Adams Attacks in a Child. Brit. Heart J. 6: 66, 1944. 


A case of insidious rheumatic pericardial effusion with Stokes-Adams attacks 
is described. A boy of 12 years sought medical help after three months of ill 
health, and only when disturbance of the conducting system had set in. Either 
minor inflammation of the bundle tissue itself or its compression by inflammatory 
vascularization of the collagenous mass in the septum membranaceum, would 


explain the symptoms, 
AUTHOR. 


Campbell, M.: Complete Heart Block. Brit. Heart J. 6: 69, 1944. 


Complete heart block is most often seen in men in the seventh decade with 
enlarged hearts and atherosclerosis but no other evidence of gross heart disease. 
Four-fifths of our patients were men. Most (45 per cent) were between 60 and 
69 years of age, and 84 per cent were over 50 years of age at the onset of com- 
plete block. 

Syphilitie and rheumatic heart diseases were, between them, responsible for 
only a little over 10 per cent of the cases. Other myocardial disease was respon- 
sible in 75 per cent, or in 86 per cent if the group of congenital cases was ex- 
cluded, this being the second commonest cause (13 per cent). Cardiac enlarge- 
ment with no other signs than atherosclerosis of the aorta and often of peripheral 
arteries was the evidence of myocardial disease in nearly half these cases, high 
blood pressure, angina pectoris, or congestive failure being present in the other 
half. In the ten cases with high blood pressure, the average figure was 225/108. 
In the others, the systolic pressure was above and below 160 in equal numbers, 
and the average figures for these two groups were 194/81 and 137/73. Thus, in 
the latter, the pulse pressure was only slightly raised, but in the former and in 
those with high blood pressure, the pulse pressure averaged 115. The reasons for 
this have been discussed. 

The heart rate was usually between 28 and 40 and averaged just under 35 
(excluding congenital cases where it was generally 40 to 56). 

Heart block may be of very varied types; it may be: (1) complete, (2) par- 
tial; 2:1, or more rarely 3:1 or 4:1, (3) partial with dropped beats only; including 
regular 4:3, 3:2, ete., or occasional dropped beats, or (4) latent, with a prolonged 
P-R interval only. 

Complete heart block is a serious lesion, though some patients, especially some 
of those under 40 years of age, live for many years in reasonably good health. 
There were 50 cases followed for more than 2 years or until their death; 34 were 
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dead after an average period of 2.5 years; 16 were alive after an average period 
of 6 years or 4.5 years if two exceptional cases were excluded. Of the former, 
19 died in less than 2 years, 14 in from 2 to 6 years, and 1 after 12 years. Of the 
latter, the period of observation was from 2 to 6 years in 10, and from 7 to 20 
years in the other 6 cases. 

Stokes-Adams attacks were present in half the patients with complete heart 
block. When they were present they were one of the earliest if not the first 
significant symptom of heart block in three-fourths of the eases. In those without 
Stokes-Adams attacks, dyspnea or attacks of faintness or dizziness were the main 
presenting symptoms. 

Stokes-Adams attacks were no more common in those who had recorded latent 
heart block than in those without. A known change of rhythm at times other 
than those of the attack does makes Stokes-Adams more likely, but not as much 
as might be expected (64 against 32 per cent). 

The prognosis was considerably worse in those with Stokes-Adams attacks, the 
results in the patients traced being: 


Alive Dead 
With Stokes-Adams attacks 6 24 
Without Stokes-Adams attacks 10 10 


The method of dying was even more strikingly different: of the patients with 
Stokes-Adams attacks, 61 per cent died suddenly, presumably in attacks; of those 
without Stokes-Adams attacks, only one was known to have died suddenly, and 
50 per cent died with failure. If, when a patient is first seen with complete heart 
block, he has not had a Stokes-Adams attack, the risk of such an attack develop- 
ing, or of his dying suddenly, is not great, and with each month that has passed 
the risk becomes still less. 

It is important to realize that Stokes-Adams attacks may occur with paroxysmal 
heart blocks (complete) and the paroxysms may be of short duration after the 
attacks and may easily be missed. Otherwise attacks that are true Stokes-Adams 


attacks will remain unexplained. 
AUTHOR. 


Cossio, P., and Berconsky, I.: The First Heart Sound and Auricular Fibrillation. 
Rev. argent. de cardiol. 10: 283, 1943. 


The heart sounds were studied by auscultation and graphic records in five 
patients during periods of auricular fibrillation and sinus rhythm, Jt was found 
that, when auricular fibrillation was present, the first sound was of greater in- 
tensity and appeared later in relation to the beginning of the QRS group of the 
electrocardiogram. 

The greater intensity of the first heart sound during auricular fibrillation is 
explained if due consideration is given to the origin of the first sound, funda- 
mentally valvular, and to the preponderance role of the initial tension of the A-V 


valves in determining its intensity. 
AUTHORS. 


Thomas, C. B.: The Significance of Electrocardiographic Abnormalities in Young 
Adults. Bull. Johns Hopkins Hosp. 74: 229, 1944. 


There are a number of physiologic mechanisms which,may alter the electro- 
cardiogram, sometimes to an abnormal degree. In the age groups in which de- 
generative disease of the myocardium is rare, there is greater likelihood that a 
given electrocardiographic abnormality is a physiologic variant than evidence of 
a pathologic lesion. Until the limits of normal variation in the human electro- 
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eardiogram have been much more thoroughly explored, the diagnosis of heart 
disease in young persons should seldom be based on the electrocardiographie find- 


ings alone, in the absence of clinical manifestations. 
AUTHOR. 


Zimmerman, S. L.: Transient T-Wave Inversion Following Paroxysmal Tachy- 
cardia. J. Lab. & Clin. Med. 29: 598, 1944. 


One ease of supraventricular tachycardia and two cases of ventricular tachy- 
eardia followed by T-wave inversion in multiple leads, persisting for a variable 
period of time and not associated with myocardial infarction, are presented. 

The importance of correct evaluation of these changes is stressed. 

The role that quinidine played is discussed. It does not appear to have been 
of etiological importance. 

Certain differential electrocardiographie findings are discussed, and their im- 
portance in excluding myocardial infarction is stressed. 

Persistent inversions of T waves following tachycardias are not necessarily of 


ominous prognostie import. 
AUTHOR. 


Davies, J. N. P., and Fisher, J. A.: Coarctation of the Aorta, Double Mitral A-V 
Orifice, and Leaking Cerebral Aneurysm. Brit. Heart J. 5: 197, 1943. 


The case is reported of a male, aged 17 vears, with coarctation of the aorta 

and other congenital defects. He developed a cerebral hemorrhage from a berry 
aneurysm, and made a complete recovery from this, only to die later from a 
rupture of the aorta. 
The autopsy revealed that, in addition to the coarctation of the aorta and asso- 
ciated defects of elastic tissue, there was a double mitral valve. The probable 
counterpart during life of this rare anomaly was a presystolic or diastolic murmur 
in the mitral area. 


The relationship of these defects is briefly discussed. 
AUTHORS 


Baer, S., and Frankel, H.: Studies in Acute Myocardial Infarction. III. Diag- 
nosis and Location of the Infarct by Electrocardiogram. Arch. Int. Med. 73: 
286, 1944. 


The diagnosis and location of the infarct were considered in 378 cases of acute 
myocardial infaretation. Electrocardiograms taken in 321 cases revealed the pres- 
ence of infarction in 94 per cent. On electrocardiographic study alone, 52 per 
cent of the infarcts were found to be anterior and 34 per cent posterior. Of 74 
patients coming to necropsy, 70 per cent had anterior, 23 per cent posterior, and 
7 per cent anteroposterior infarction. 

Anterior myocardial infarctions are more frequent and more serious than pos- 
terior infarctions. Infarction of the anterior wall of the left ventricle is more 
apt to be missed by electrocardiograms than posterior involvement. Electro- 
eardiographic diagnosis and location of the infarction are highly accurate. 


AUTHORS. 


McHardy, G., and Browns, D. C.: Life Expectancy After an Attack of Myocardial 
Infarction. Report of a Case of Survival for Nineteen Years After Coronary 


Thrombosis. Arch: Int. Med. 73: 290, 1944. 


The authors report the present case as the first instance of myocardial infare- 
tion due to coronary thrombosis in which there was electrocardiographie con- 
firmation at the onset, and in which the patient lived for so long a time—nineteen 
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years and thirty days from the initial occlusion until his death, from thrombosis. 


Both the initial and the terminal attack were confirmed by autopsy. 
AUTHORS. 


Harrison, T. R.: Clinical Aspects of Pain in the Chest. I. Angina Pectoris. 
Am, J. M. Se. 207: 561, 1944. 


An analysis of seventy-seven patients with angina pectoris has been made, 
with particular reference to the characteristics of the pain and its relationship 
to various body functions. 

The pain was felt in the substernal location in only about one-half the patients. 
Pain entirely limited to the periapical, axillary, or abdominal regions did not occur 
in any case. 

The duration of the pain was usually a few minutes only, rarely longer than one- 
half hour. No patient had pain lasting for a few seconds only. 

Pain of great intensity was exceptional, the discomfort being mild or minimal in 
more than one-half the patients. 

The discomfort was constrictive or heavy in character in only about 50 per cent 
of the cases. Frequently, the pain was of an aching quality; burning discomfort 
was occasionally found; while lancinating pain was encountered in only one subject. 

In addition to the generally recognized ‘‘trigger’’ factors of exertion, eating, 
emotion, and cold, the recumbent posture and glucose deficiency were found to 
be common precipitating causes of the seizures. Anginal attacks with typical 
electrocardiographic changes may be induced by spontaneous hypoglycemia in pa- 
tients who have no seizures with severe effort and no evidence of structural 
cardiac disease. The act of eating may precipitate anginal attacks in certain 
patients and may prevent the attacks in other subjects. 

Pain induced by the sitting or standing position or aggravated by breathing, 
eoughing, or swallowing can usually be safely ascribed to disorders other than 
angina pectoris. 

In the diagnosis of angina pectoris the most important features are: the his- 
tory of relationship to effort, the short duration of the pain, and the demonstration 
that the amount of muscular effort required to induce the pain is increased by 
nitroglycerin. 

A large percentage of patients with angina pectoris also suffer from chest pain 
due to other disorders. Such disorders may either be related to angina pectoris 
(as in the case of myocardial infarction and reflex disturbances of the skeletal 
system) or unrelated to it (as in the case of gall bladder disease, hiatal hernia, 
esophageal spasm, and so forth). Because of the frequent coexistence of the two 
causes of chest pain, one of them may be overlooked unless unusual care is em- 
ployed in obtaining the history. 

Occasional patients—about 10 per cent in this series—may have anginal at- 
tacks which have never been related to effort. Among the causes of such attacks 
are status anginosus (‘‘coronary insufficiency,’’ ‘‘preinfarction angina’’) ectopic 
tachycardia, spontaneous hypoglycemia, and conditions such as intermittent 
claudication, congestive failure, and undue anxiety about the cardiac condition, 
which induce the patient to lead an unusually sedentary life. It is in this group 
of patients that the greatest diagnostic difficulty is likely to be encountered. 


AUTHOR. 


Dodge, K. G., Baldwin, J. S., and Weber, M. W.: The Prophylactic Use of 
Sulfanilamide in Children With Inactive Rheumatic Fever. J. Pediat. 24: 483, 
1944. 

Eighty-eight children and adolescents with quiescent rheumatic disease were 
given from 1 to 2 Gm. of sulfanilamide daily throughout the winter and spring 
months for a total of 181 patient-seasons. 


| 
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One hundred and one rheumatie children were observed as controls for 138 
patient-seasons. 

In the group receiving sulfanilamide, in some cases for as many as four seasons, 
toxie drug reactions were minimal. The drug was not discontinued permanently 
in any case for such a reaction. 

During the period of the study, there were, in the control group, fifty-four 
Group A hemolytic streptococeal infections, an incidence of 39 per cent. There 
were nineteen definite major rheumatic relapses (with two deaths) and seven 
mild or possible relapses. In three children, the rheumatic process remained 
active throughout the period of observation, and there was one death from sub- 
acute bacterial endocarditis. 

In contrast to this, only five hemolytic streptococcal infections occurred in the 
group of children receiving sulfanilamide prophylaxis, an incidence of 2.7 per 
cent. Two children, or 1.1 per cent of the patient-seasons of prophylaxis, de- 
veloped definite rheumatic relapses while taking the drug regularly. Two other 
children with severely damaged hearts died of congestive failure without evidence 
of streptococcal infection or active rheumatic disease. Two children with recently 
active rheumatic fever showed signs of increasing rheumatic activity within two 
weeks of starting the drug. The remainder of this group of children remained 
free of streptococcal infection and rheumatic relapses. 

Some of the problems of the administration of a sulfonamide prophylactically 
have been discussed. 

Based on this study and reports in the literature, the effectiveness of sulfon- 
amide prophylaxis in quiescent rheumatie fever is established, and it should be 


applied more widely among groups of highly susceptible individuals. 
AUTHORS. 


Davis, D. B., and Rosin, S.: Rheumatic Fever and Rheumatic Heart Disease in 
Los Angeles Children. J. Pediat. 24: 502, 1944. 


The cases of 157 patients with childhood rheumatic disease admitted to the 
Los Angeles County Hospital over a five-year period are analyzed and discussed. 
The following salient findings bear emphasis: 

The relatively low incidence of rheumatic disease, as determined by this survey, 
is consistent with the findings of similar studies carried out in other cities with 
subtropical climates. 

Chorea seems to occur with much less frequency in this area than in eastern 
population centers. 

No significant variation in seasonal incidence is noted. 

An analysis of temperature, rainfall, and relative humidity permits no cor- 
relation between these factors and the incidence of the disease in this area. 

Familial incidence in this series is negligible. 

Two-thirds of the patients were born and raised in this community. Almost 
80 per cent of those born out of California lived in the Los Angeles areas over 
one year before the onset of rheumatic disease. These facts would certainly tend 
to discredit the commonly held belief that the majority of the patients with rheu- 
matic infection encountered here are migrants from eastern or northern states. 

The mortality in this series was 9.5 per cent. Brief summaries are presented of 


all cases that proved fatal. 
AUTHORS, 


Thompson, R. B.: A Case of Myxoma of the Left Auricle. Brit. Heart J. 6: 23, 
1944, 
A case of myxoma of the left auricle with congestive heart failure and sudden 


death is presented with an autopsy report. 
AUTHOR. 
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Evans, W.: The Heart in Myotonia Atropica. Brit. Heart J. 6: 41, 1944. 


Examination of the heart in thirteen cases of myotonia atrophica has shown 
that the presence of cardiovascular signs may help in the earlier diagnosis of the 
condition. 

The pulse is often small and occasionally infrequent. The blood pressure is 
sometimes very low. The first heart sound in the mitral area commonly shows 
splitting, and sometimes triple rhythm may appear from addition of the fourth 
heart sound, this depending on the degree of elongation of the P-R period. 

The changes that commonly characterize the electrocardiogram include elonga- 
tion of the P-R period, low voltage of the P wave, slurring of the QRS complex, 
and left axis deviation. 

The size of the heart varies so that it may be normal or may appear small, but 
in the presence of considerable lengthening of the P-R period, moderate enlarge- 


ment takes place. 
AUTHOR. 


Pietrafesa, E. R.: Observations on Two Cases of Arteriovenous Communication. 
Rev. argent. de cardiol. 10: 302, 1943. 


A study was made of the circulatory changes which appeared in two patients 
with an arteriovenous aneurysm of the right leg, when the femoral artery was 
compressed at the level of the Poupart’s ligament. The heart rate, the oscillatory 
index of the limb arteries, the different phases of the cardiac cycle, arterial and 
venous pressure, cardiac output, heart size, electrocardoigram, and heart sounds 
were investigated. 

It is concluded that the circulatory changes produced by compressing the artery 
of an arteriovenous aneurysm are not always the same. The size of the arterio- 
venous fistula, the time of its establishment and the circulatory compensation 
which follows are among the factors which determine the circulatory response to 


compression of the artery. 
AUTHOR. 


Langley, G. F.: Repair of Ruptured Popliteal Artery, With Note on Heparin 
Therapy After Arterial Suture. Brit. J. Surg. 31: 161, 1943. 


A case of rifle bullet wound of the popliteal vein with delayed rupture of the 
popliteal artery has been described. Suture of the popliteal artery after rupture 
of an arterial hematoma was successfully performed. External, popliteal nerve 
palsy developed as a secondary complication, but the patient recovered from this. 

Heparin administration probably contributed to the saving of the limb. It is 
suggested that heparin should be administered in a continuous saline drip, as it 
is unlikely to be effective by intermittent intravenous injection; the accepted 
dosage of heparin may be too small, and it is necessary for repeated examinations 


of the clotting time to be made. 
AUTHOR. 


Bloom, N., and Walker, H.: Nodal Rhythm and Bundle Branch Following Aspirin 
Hypersensitivity. J. Lab. & Clin. Med. 29: 595, 1944. 


Aspirin is an excellent analgesic and, considering its enormous consumption, 
only occasionally causes any severe reactions in human beings. This case is an 
example of very unusual sensitivity to the drug. Anaphylactie shock with 
transient nodal rhythm and bundle branch block occurred after the ingestion 
of five grains of aspirin. Within twenty-four hours, all of these phenomena had 


disappeared, 
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the control and guidance of a Board of Directors composed of thirty eminent 
physicians who represent every portion of the country. 
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